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EXECUTIVE  SUMMARY 


This  report  pecsents  the  results  of  the  remedisl  invertigstkin/feasibility  study 
(RI/FS)  of  Opcfible  Unit  (OU)  5  on  Bmendorf  Air  Force  Base  (AFB),  Alaska  by  die  U.S. 
Air  Force.  The  RI  report  describes  die  results  of  die  iidd  investifations  and  provides  m 
evaluatioii  of  the  data  and  a  risk  assessment  The  FS  evaluates  remedial  acdoo  alternatives 
for  die  contaminants  in  OU  S. 

E.1  Tiw^t— tinw 


OMWlfag 


The  investigation  of  OU  5  had  die  following  dqecdves: 


•  Provide  sufficient  data  to  develop  source-^wdfic  and  OU-qiedfic 
ooncqitual  models; 

•  Determine  the  potential  for  off-site  migration  of  OU  5  contaminants  and 
impacts  on  Ship  Creek; 

•  Determine  die  influence  of  iqigradieat  contaminant  sources  on  die  OU  S 
areas; 

•  Ccdlect  suffident  data  to  detmnine  die  apfnoximate  extent  and  nature 
of  contamination; 

•  Collect  sufficient  data  to  determine  the  risks  to  human  health  and  the 
enviroiunent;  and 

•  Prepare  an  RI  rqKxt  with  results  of  the  field  investigation  to  provide  a 
basis  for  the  feasilHlity  study  (FS). 

In  accordanoe  widi  the  OU  5  Management  Pkai,  the  RI  rqmrt  also  presents  prdiminary 
recommendations  for  remedial  techndogies  and  remedial  action  objectives. 


Blwilnrf  APB  OU  5  Xl/PS  lUpoit 


1 


OU  S  is  toctted  at  the  aoulhem  poimeter  oi  Bmendoff  AFB  jiut  north  of  Shq) 
Creek.  The  topography  is  dMninaled  by  a  bluff  that  rises  ^)proiimatdy  30  feet  above 
beaver  ponds  at  the  eastern  end  of  the  OU  and  60  feet  above  railroad  tracks  at  the  western 
end.  Three  Aid  pqidines  and  associated  storage  tanks  and  distributioa  systems  are  located 
on  top  of  the  bluff.  Numerous  groundwater  seeps  that  are  exposed  along  the  bluff  flow  into 
ponds,  wetlands,  and  drainage  ditches,  and  e^tually  into  Sh4>  Creek.  Land  uses  between 
the  base  of  the  bluff  and  Ship  Creek  include  designated  open  areas,  a  railroad  right-of-way, 
picnic  area  and  golf  course,  fish  hatchery,  and  an  off-base  commercial/industrial  area. 

The  USAF  has  identified  nx  potential  source  areas  dirough  record  searches  of 
qnUs,  i^Kline  leaks,  and  fuel  seeps. 


•  Source  ST37— In  the  late  1950s,  several  diousand  gallons  of  diesd  fuel 
leaked  fiom  a  fuel  line  soudi  of  fee  U.S.  Army  Corps  of  Engineers 
(COE)  building.  The  exact  location  of  die  leak  is  not  known.  The  fiid 
seqied  out  of  the  ground  near  the  railroad  tracks,  and  diousands  of 
gallons  of  fuel  were  recovered. 

•  Source  ST38— In  die  mid-1960s,  a  leak  in  a  JP-4  jet  fuel  pqieline  led  to 
seepage  out  of  fee  bank  smidieast  of  Building  22-010.  The  exact 
locatkm  or  vtdume  of  the  teak  is  not  known  and  no  fud  was  recovered. 


•  Source  SS42— An  estimated  8(XX>-gallon,  one-time  qnll  of  diesel  fuel 
occurred  near  Building  22-010  in  Mardi  1976.  Most  of  die  fuel  was 
recovered  off  die  frraen  ground. 

•  Source  SD40— During  die  late  1960s,  oil  was  rqiorted  seqnng  out  of 
die  bank  near  fee  railroad  and  flowing  through  a  marsh  into  Ship 
Creek.  The  source  of  this  ml  is  unknown. 


•  Source  ST46— A  cracked  pqjdine  in  1978  allowed  JP-4  jet  fuel  to  seqi 
into  wetlands  and  Shqi  Cre^  After  the  jipt  was  rqMU^,  fuel 
continued  to  seqi  from  die  bank  and  into  a  beaver  p^. 


Source  SS53— A  fuel  xep  of  unknown  origin  was  observed  during  the 
q[)ring  thaw  fm  an  unspe^ed  number  of  years.  This  seqi  was  noted 
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south  of  Pom  Rood,  north  of  the  ooune  pto  Miop,  and  flowed  into 
a  drainage  ditdi  panlkl  to  Post  Road. 


All  six  souroe  areas  have  undogone  imvious  investigationa  under  USAF 
environmental  programs  in  the  1980s.  Total  petroleum  hydrocarbons  CTPH)  were  found  in 
soil  sanqdes  at  each  source  area,  with  the  highest  concentrations  observed  in  soil  at  the 
groundwater  table.  The  maximum  TPH  concentration  in  soil  was  approximately 
10,000  mg/kg  at  a  30-fbot  depth  at  ST38.  Groundwater  samfries  from  monittmng  wells  had 
TPH  concentratioos  up  to  160  milligrams  per  liter  (mg/L)  at  ST37.  Benaene  was  found  in 
groundwater  sam{des  above  die  federal  and  state  drinking  water  standard  of  S  mictograms 
per  liter  Otg/L)  at  ST37  (13  itgfL)  and  SD40  (Z^  Trace  levels  of  TCE  and  other 

solvents  were  also  detected  in  groundwater  samides.  In  addition,  previous  invesdgatioiu 
found  that  fly  ash  dqiosits  had  been  used  to  extend  the  bluff  at  ST37  and  ST38.  A  summary 
of  results  of  all  previoua  investigations  is  provided  in  the  RI  rqwrt. 

In  August  1990,  Elmendcfff  AFB  was  listed  by  the  U.S.  Environmental 
Protection  Agency  (U.S.  EPA)  on  die  National  Priorities  List.  This  listing  designated  die 
facility  as  a  federal  Superfiind  site  subject  to  die  remedial  response  requirements  of  die 
Comprehensive  Environmental  Reponse,  Compensation,  and  Liability  Act,  as  amended  by 
the  Superfiuid  Amendments  and  Reauthorization  Act  of  1986.  On  November  22,  1S191,  the 
USAF,  EPA,  and  the  Alaska  Dqiartment  of  Conservation  signed  the  Federal  Fadlities 
Agreement  (FFA)  for  Elmendorf  AFB.  Under  die  terms  of  the  agreement,  all  remedial 
response  activities  will  be  conducted  to  protect  the  public  healdi  and  welfiue,  and  the 
environment,  in  aocordanoe  with  ip|dicable  federal  and  state  law. 

OU  5  is  one  of  seven  operable  units  to  be  investigated  under  the  Elmendorf 
FFA.  The  souroe  areas  included  in  OU  5  are  grouped  together  because  of  similar  petndmun- 
like  contaminants,  potential  f<v  off-site  migration  of  die  contaminants,  potential  inpacts  to 
Shp  Creek,  and  potential  risks  to  reeptors. 
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bi  late  1991,  CH2M  HILL  bepn  praparing  a  manacement  plm  that  served  as 
a  plamung  document  for  all  OU  S  RI  activities.  The  final  maimtanent  jdan  includes  all 
fidd,  labocaloty,  and  (juality  assuianoe  procedures  for  die  RI. 


Field  investigations  began  in  May  1992  and  continued  into  Deonnber  1992. 
The  scope  of  die  fidd  investigations  is  summarized  in  the  following  paragraphs  by  ^lecific 
task. 


hfonRoring  Wdl  fmqiertlon.  Seventeen  existing  monitoring  wells  were 
evaluated  for  usability  in  the  RI,  and  were  rqaired  as  necessary. 

hfopping  of  Groundwater  Seeps.  Thirty-one  aeqw  at  the  base  of  '  '  bluff 
were  located,  and  general  observations  of  water  quality  were  recorded.  Several  aeq»  had 
discemable  petrdeum  odon  and  a  sheen  indicative  of  either  petroleum  contamination  or 
biological  growth.  Some  of  the  seqps  were  associated  with  stressed  v^etadon. 

Mqiping  of  Surface  Water  Drainage.  Drainage  fimn  the  OU  5  bluff  source 
areas  travds  through  poods,  wetlands,  open  drainage  ditches,  and  buried  culverts,  until  the 
runoff  teaches  Sh^  Creek  and  flows  west  into  Knik  Arm.  A  tracer-dye  study  was  perfbmied 
to  determine  die  direction  of  flow  in  buried  culverts.  Drainage  to  Ship  Credr  occun  as  point 
source  disdiatfes  rather  than  sheet  runoff. 

Review  of  Ehnendorf  AFB  Noenvirwunnital  Engineering  Services  (ktiup 
(BESG)  Data.  The  BESO  routindy  collects  water  sanqdes  from  two  lower  aquifer  siqiply 
wdls  (BW2  and  BW52)  in  OU  5  and  from  a  drainage  ditdi  as  it  exits  Elmendorf  AFB.  These 
data  are  sum^mrizod  in  the  RI  repnt. 
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Wator  Uw  Survey.  A  survey  o£  30  off-tese  property  teiuuits,  otMqwter 
searches  of  available  groundwaler  data  bases,  and  interviews  were  conducted  to  determine 
water  use  at  and  downgradieat  of  OU  S  and  to  identify  the  potential  receptors  groundwater 
and  surfroe-water  contaminants.  Surfroe  water  firmn  Ship  Credc  is  diverted  for  cooling 
water  at  the  ElmeiKlocf  AFB  power  {dant  and  for  fish  production  at  the  hatdiery.  The  iqiper 
aquifor  groundwater  was  not  found  to  be  used  by  Elmendorf  AFB  or  at^acent  properties. 

Two  Elmendorf  base  wells,  two  fish  hatchery  wells,  and  four  off-site  iiulustrial  area  wells 
diat  draw  groundwater  ftom  die  lower  aquifor  were  identified.  These  wdls  are  used  for 
drinldiig  water,  fish  production,  and  cotding  water.  Most  of  the  tenants  off-base  do  not  have 
supply  wdls  on  their  property,  but  are  connected  to  Municqnlity  of  Anchorage  water 
supplies. 


Sdl  Gas  and  Groundwater  Screening  Survey.  A  sml  gas  and  groundwater 
screening  survey  was  used  to  cdlect  screening-levd  data  on  die  extent  of  organic 
contamination  in  ami  and  groundwater,  and  to  guide  die  {dacement  of  soil  borings  and 
monitoring  wdls  for  die  RI  fidd  investigation.  Samples  were  analyred  on  site  with  a  gas 
chrrnnatograidi  (OQ  for  five  chlorinated  advents;  benzene,  toluene,  ediylbenzene,  and 
xylene  (BTEX);  and  total  volatile  hydrocarbons. 

Sofl  finvestigathm.  Sdl  sampling  was  conducted  within  OU  S  to  define  the 
extent  of  soil  contamination  around  source  areas  and  to  charactnize  sdl  types.  Soil  sanqiles 
were  edketed  from  31  boring  locations.  A  total  of  four  deqi  borings  were  advanced  to  die 
Bootlegger  Cove  Formation  usin^  continuous  qilit-band  sampling  to  log  the  soil  stratigraphy 
and  verify  die  depdi  of  die  Bootlegger  Cove  Formation.  Other  btmngs  were  aanqded  at  S- 
fod  intervals  and  advanced  ody  to  die  top  of  dm  water  table,  unless  the  boring  was 
designated  to  be  comideted  as  a  monitming  wdl.  Each  soil  sample  was  classified  by  a  fidd 
gedogist  following  standard  (Hocedures. 

Sdl  samples  for  chemkal  analyses  were  collected  at  r^ular,  predetermined 
intmvals  in  the  borings  and  at  die  groundwater/unsaturated  zone  interfooe.  An  additional  soil 
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saiiq»lie  was  collected  fiom  the  boOom  of  each  boring  that  had  been  advanced  to  die 
Bootlegger  Cove  Fdrmation  to  analyze  for  sinking  contaminants.  Samplei  were  analyzed  for 
BTEX,  halogenated  volatik  organics,  and  diesd-,  gasoline-,  and  JP-4-iange  hydrocarbons. 

In  additioo,  sdected  soil  san^les  were  analyzed  for  semivolatile  txganics,  metals,  and  physi¬ 
cal  parameters,  including  grain-nze  distribution,  liquid  and  plastic  limits,  and  total  orguic 
carbon. 


Groundwater  Bavcstlgation.  hnneteen  groundwater  monitoring  wdls  were 
installed  into  die  iqiper  aquifer,  hfonitoring  well  locatkms  were  selected  to  confirm  the 
{nesence  of  contamination  identified  during  the  groundwater  screening  survey  to  provide 
groundwater  data  in  areas  of  known  or  subjected  leaks,  and  to  allow  the  groundwater  direcdy 
upgradient  and  downgradient  of  OU  5  to  be  sampled.  Water  level  measurements  in  existing 
and  new  wells  and  at  temporary  inezometers  installed  during  the  sml  gas  surv^  were  mea¬ 
sured  four  times  during  the  field  season  at  rqiproxifflately  3-week  intervals.  No  floating 
inoduct  layers  were  detected  in  the  monitoring  wdls.  All  new  monitoring  wdls  were  devd- 
oped  with  a  cmnbination  of  surging  and  bailing  ac  puminng.  Slug  tests  were  om^leted  on 
11  of  the  new  monitoring  wdls  to  allow  measumnent  of  hydraulic  conductivity  values. 

Groundwater  samples  from  a  total  of  17  existing  and  19  new  monitoring  wells 
were  cdlected  and  analyzed  to  evaluate  upper  aquifiv  groundwater  quality.  Samples  were 
tested  for  hafogenated  vdatite  organics,  BTEX,  semivolatile  organics,  and  diesd-,  gasdine-, 
and  JP-4-tange  hydrocarbons.  Monitoring  wdls  near  fly  ash  dqwsits  (east  of  source  ST37) 
were  additionally  samided  for  total  and  dissdved  metals.  General  water-quality  parameten 
(alkalinity,  hardness,  and  anions)  were  analyzed  in  five  randomly  chosen  sanqile  locations. 
Results  of  tile  general  water-quality  analysu  were  used  to  perform  a  geochemical  conqiarison 
of  water  collected  from  the  shallow  and  deqi  aquifers. 

Four  active  water-supfdy  wdls  were  also  sampled  to  determine  lower  aquifu’ 
groundwater  quality.  Samples  were  analyzed  ftx  volatile  organics,  semivolatile  organics,  and 
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diead/pmSimffP-A-natfi  l^drocaiboM.  Samplet  from  sdected  wells  were  also  snalyred 
for  sdecfod  ciiioni,  astoas,  and  metals. 

Coonfinales  and  devatioas  for  monitoring  wells,  soil  borings,  piexomeicrs, 
water  wappty  wells,  and  stream  gages  were  surveyed  and  referenced  to  publiriied  oontnd 
points.  Both  were  used  to  miq)  sanqding  locations  and  provide  oHnmon  reference  points  &»’ 
water-levd  measuronents  used  to  evaluate  site  hydndogy. 

Surface  Water  and  Sediment  biTcatigatkm.  Surfece  water  and  sediments 
were  sanqded  femn  Sh4>  Creek,  die  gdf  course  beaver  pood,  and  selected  surfece  water 
impoundments  and  drainage  ditches  downgradient  of  the  OU  5  bluff.  Samide  locations  were 
chosen  based  on  strategic  points  of  inlet  or  discharge  to  recdving  waters,  or  where  stressed 
v^etation  was  ifiparent. 

Surfece-water  sam(des  were  analyzed  for  volatile  mganics,  semivtdatik 
organkc,  total  and  disscdved  metals,  diesd-,  gasoline-,  and  JP-4-range  hydrocarbons,  and 
alkalinity.  Ih-situ  field  measurements  induded  idi,  tenqiefature,  specific  conductance,  and 
dissolved  oxygen.  Sediment  samples  were  analyzed  for  vdatile  organics,  semivdatile 
organics,  diesel/gas(dine/JP-4  hydrocarbons,  and  total  metals.  PCB  samples  were  included  in 
selected  sediment  sam(des. 

Ecotogfoal  Sorvtys.  Aquatic  and  terrestrial  ecological  surveys  were 
performed  to  describe  foe  tmdogical  diaracteristks  of  OU  5,  identify  recqitors  and  inqxirtant 
habitats,  determine  if  there  is  evidence  of  stress  on  the  ecosystems  in  the  area,  and  assess 
toxicity  of  water  and  sediments  in  die  study  area  to  fish  and  benthic  macroinvertebrates.  In- 
situ  physical  measurements  of  surfece-water  quali^  and  haMtat  observations  were  made  to 
provide  a  qualitative  habitat  assessment  for  comparison  of  each  sam|ding  location.  The  RI 
rqxMt  contains  the  results  of  bofo  die  aquatic  and  terrestrial  surveys. 
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Hie  Mlowiag  tasks  were  part  die  ecological  investigations.  Bodhic 
macroinvcrtelMales  were  sampled  using  both  quandltdive  and  qualitmive  methods.  Fish  were 
aanqded  qiialitativd.y  using  dectroahoclring  at  Shqi  Creek  and  pood  locatioas.  Acute  ud 
chronic  toadcity  tests  were  conducted  on  sdecled  surfime-waier  and  sediment  sanqiles  to 
assess  the  potential  for  stress  to  aquatic  organisms.  Plant  and  soil  sanqdes  were  also 
cdlected  for  chemical  analyses  to  determine  udietfaer  |dant  stress  observed  during  die 
terrestrial  field  survey  was  directly  rdated  to  contaminant  eaqiosure  or  to  nutritkmal 
deficiencieg  and  imbalances  induced  by  contaminants. 

Amdiytleal  Isdiomtory  nrograai.  The  analytical  program  used  both  48-liour 
turnaround  time  analyses  at  the  CH2M  HILL  Corvallis,  Oregon,  Close  Siqipott  Laboratory 
(CSL)  and  standard  turnaround  time  analyses  at  die  CH2M  HELL  Redding,  California, 
labcuatory.  Additkmal  contract  laboratories  to  siqipwt  add-on  woric  included  Superior 
Analytical,  ENSECO,  and  die  CH2M  HILL  Milwaukee,  Wisconsin,  aquatic  biology 
laboratory. 


Data  Validation  and  MbangcaenS.  The  laboratories  generated  EPA  Levd 
m  data  with  documentation  equivalent  to  EPA  Level  IV  data.  All  data  packages  from  die 
investigation  were  reviewed  for  adherence  to  quality  assurance  limits  defined  in  die  OU  5 
Managemau  Plan.  An  additional  10  to  20  percent  of  die  data  was  validated  using  raw  data 
accmding  to  EPA  functional  guidelines  ,  Validation  reports  are  included  in  the  RI  report. 
Generally,  the  data  met  the  project  quality  assurance  objectives.  Standard  procedures  were 
also  fidlowed  for  entering  the  data  into  a  data  management  system  duU  met  USAF  require¬ 
ments. 


The  OU  5  sanqding  locatioos  are  divided  into  seven  subareas  based  on  the 
geographic  rdatkmshqi  to  die  suqiected  inpeline  sources,  and  habitat  and  land  use 
characteristics.  The  sidiareas  studied  during  the  RI  are  designated  iqigradient,  pqieline 
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corridor,  wane  punt  tuik,  lower  bluff,  Pott  Road  corridor,  golf  come  beaver  pood,  and 
Ship  Grade.  The  imfaittrial  araa  along  Pott  Road  wu  cot  invettigaled  under  this  RI. 


Sei.  Thrae  KNUoe  aieu  had  aoil  hydcocaiboos  graattr  than  100 

mg/kg:  the  pjpdaie  corridor  and  lower  Muff  aibanas  wiith  ci  the  C(K  buihhng  (Sowoe 
ST37),  the  lower  bluff  aiboraa  bdow  Building  22<010  (Source  ST38)>  ttid  the  pqwline 
corridor  near  a  low-point  water  drain  valve  at  the  junction  of  Pott  Road  and  Second  Avernie 
(Source  SS53).  Petrokum  hydrocarboiu  generally  increased  widi  dqpth  with  very  Ktrie  iqiper 
vadoae  gone  contamination.  The  highett  concentration  of  petroleum  hydrocarboiu  at  OU  5 
was  1160  n^/kg  diesd  in  a  soil  boring  at  the  10-  to  12-£D0t  dqNh  at  Source  ST37.  Hdogen- 
ated  organics  were  not  delected  in  any  soil  sanqto. 


Upper  Aquifer  foeundwatcr.  Hak^enated  vdttile  organic  conqxwnds 
(VOCs)  were  detected  in  the  iqigradient  subarea  of  OU  5  (TCE  conoentratioos  between 
5.2  fig/L  and  52  /cg/L),  and  at  lesser  concentrations  in  the  pqidine  corridor  and  lower  bluff 
subareas.  The  Aid  hydrocarbons  observed  in  OU  5  groundwater  include  BTEX  conqiounds, 
PAHs,  gasdine,  JP-4,  and  diead-taiige  organics.  Several  of  die  Aid  hydrocarbons  were  also 
observed  in  iq^gradient  monitoring  wdls,  but  genetaUy  at  lower  coocenttadons  than  Aiund 
downgradient  the  pqidines.  Conqiaiison  of  metals  in  groundwater  near  die  fly  ash 
dqnsits  with  regional  background  data  indicates  that  concentrations  Air  several  metals  are 
devated.  Additional  aanqding  iqigradient  and  downgradient  of  the  fly  ash  dqwait  is  being 
perAimied  to  Andier  evaluate  the  potential  impact  of  die  source. 

Surfhee  Water  aud  SeAnrrtt.  In  the  surA»e  water  sanqiling  program.  Aid 
hydrocarbons,  BTEX,  PAHs,  vdatiles,  and  semivdatiles  were  delected,  to  some  dqpee,  in 
eadi  pond,  exoqit  die  beaver  pond  at  seqi  SL29,  and  in  drainage  ditdies.  These  organics, 
widi  die  excqition  of  an  diesd-tange  organic  detected  at  a  culvert  outM  odside  OU  5 
(sanqding  station  SWll),  were  not  detected  in  the  Shqi  Creek  surteoe  waten.  The  chemical 
analyses  results  indicate  that  organic  contaminants  in  die  surfree  water.  Air  die  most  part  are 
confined  to  the  OU  5  lower  bluff  ponds,  and  are  ddier  biod^raded/absorbed  in  soils  or 
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vefetttioii  alo^  die  dninage  jMtliways,  or  are  to  a  level  below  detection  limiti 
beftire  read^  SI19  Credc. 

fit  the  aediiiient  sampliag  prognun,  organics  were  detected,  to  atmie  degree,  in 
the  water-body  ledimewts  angled  along  die  OU  5  runoff  pathway  ^oods,  (hainage  ditches, 
creek).  However,  the  potereial  contaminant  concentrations  detected  in  Ship  Creek  sediments 
are  bdow  diooe  detected  iqtgradknt/iqMtream,  indicating  die  potential  contaminants  are 
somewhat  confined  to  the  iqigiadient  lower  bluff  pond  sediments  in  the  OU  5  transport 
pmhway.  PCBs  (Arodor  1260)  were  detected  in  one  sedUment  san^  (sanqiling  station 
SHOT);  however,  die  souioe  of  the  PCB  is  uncertain. 

As|iiatk  Blfltn.  Macroinvertcbiate  community  structures  in  the  ponds  at  the 
base  of  the  bluff  were  restricted.  The  gdf  course  beaver  pood  was  the  most  bidogically 
affected  sampling  station.  The  presence  of  organic  ccmqioonds  in  die  pood  surfsoe  water  and 
sediments  suggests  a  potential  cause  fiir  diis  cooditioo.  Laboratory  toxicity  tests  indicaied 
that  the  golf  course  beaver  pood  sedunents  are  acutdy  toxic  to  Oiironomia  tentais  at  the 
southwest  end  of  die  pood,  and  duonicaUy  toxic  to  Hyalella  aaeca  at  the  northeast  end  of 
the  pood;  however,  additional  quantitative  samfriing  would  be  requited  to  better  duuacterize 
communiQf  structure. 

Ship  Creek  was  not  observed  to  be  affected  by  any  of  the  OU  5  source  areas. 
Resident  fish  are  present  in  Sh^  Creek  in  limited  numbers  within  the  study  area,  and  do  not 
iqipear  to  be  in  die  padiway  Of  OU  5  contaminants  of  concern  that  could  have  an  adverse 
effect  No  fish  were  observed  to  inhabit  the  OU  3  study  area  ponds. 

TematrU  Flanis  and  Aaimals.  Several  species  of  plants  exhibited  signs  of 
stress,  iiiduding  interveinal  diloiosis.  This  suggests  diat  some  stressor  found  in  the  soils  in 
various  areas  of  (XJ  S  has  altered  the  jdiotosynthetic  rate  of  affected  jdants.  Because  the 
signs  oi  stress  were  similar  to  dwse  induced  by  iron  ddkkncy,  the  dieniical  analyses  of 
plants  and  soils  fKoaed  on  factors  that  may  affect  iron  uptake  and  availability,  in  addition  to 
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anlyin  for  pteviouily  fatenrifted  oontuniiittits  fbr  OU  S.  Elevided  aoil 

phcMpbonu,  aad  pH  may  came  minend  imbalancei  to  occur  in  plants.  Based  on  die  dma 

from  diis  exploiatocy  study,  a  definitive  cause  for  the  plant  stress  cannot  be  determined. 


Bird  egg$  that  lUkd  to  hatdi  were  frwnd  in  frmr  nests,  and  five  of  the  six  eggs 
had  dead  embryos.  The  affected  nests  included  mew  gulls,  American  widgeon,  and  spotted 
sam^iver.  The  limited  obaervatiooa  of  water  fowl,  shorebird,  and  gull  nests  did  not  indicale 
dim  eggs  were  becoming  oiled  by  transfer  of  oil  from  die  parents’  feathers,  and  oil  was  not 
observed  on  the  birds*  fdumage.  These  findings  are  inconclusive,  however,  because  die 
number  of  nests  being  observed  was  small. 


A  ooooqitual  modri  was  established  as  a  means  of  defining  contaminant 
migration  pathways  into,  through,  and  away  from  OU  S.  The  primary  media  of  concern  in 
OU  5  include  the  vadose  zone  soils,  groundwater,  surfrax  water,  and  sediment. 

Three  areas  (Sources  ST37,  ST38,  and  SS53)  were  identified  during  the 
investigation  as  having  fbd  contaminated  soils.  Because  no  ongoing  or  recent  leaks  were 
identified  during  the  invesdgation,  contaminaled  soils  probably  represent  residual 
contamination  from  past  reported  leaks  and  spills.  The  current  contamination  is  located  in 
the  cjqrillary  fringe  of  the  water  table. 

Groundwater  contamination  observed  in  OU  S  wells  occurred  exclusively  in 
the  upper  aquifer.  Halogenated  VOCs  and  fiid  hydrocarbons  were  die  princqnl 
contaminants  detected  in  the  groundwater.  Concentration  patterns  suggest  that  the 
halogenated  VOCs  are  migrating  into  OU  S  from  iqigradient  sources  via  groimdwater 
transport  Fuel  hydrocarbon  concentration  patterns  confirm  diat  sources  are  along  die 
pqieline  corridor,  but  low  ooncentratioiu  indicate  that  diese  are  reiadvdy  (dd  spills  and  leaks. 
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The  Boodenor  Cove  Formerinn  between  die  vppex  and  lower  aquifers  is  tboogitt  lo  peevent 
any  significant  esdiancB  of  contaminants  between  the  two  aquifers. 

Ofoundwaler  flow  within  OU  S  is  generally  toward  the  Shqi  Ciedc  valley. 
Water  table  devation  contours  indicate  that  groundwater  enters  Ship  Creek  as  base  flow. 

The  devatian  oi  die  ponds  and  seqw  along  the  base  of  the  bluffi  and  the  presence  ot 
halogenaled  VOCs  in  both  groundwater  and  seeps  furdier  indicate  diat  these  surfece  waters 
are  fed  by  groundwater.  These  surfece-water  bodies  are  also  fed  by  storm-water  runoff  femn 
die  base. 


The  baseline  risk  assessment  evaluates  the  potential  threat  to  human  healdi  and 
the  environment  posed  by  actual  or  potentid  rdeases  of  hazardous  substances  from  OU  5 
under  the  no-action  alternative  (no  remedial  actum). 

Hmnan  Health  Evaluation.  The  human  health  evaluation  consists  of  four 
stqis:  identification  of  contaminants  of  concern,  toxicity  assessment,  eaqiosure  assessment, 
and  risk  characterization.  For  each  step,  assumptions  and  uncertainties  in  the  process  ate 
discussed.  The  risks  for  OU  S  are  evaluated  under  bodi  current  and  potential  future  land 
uses.  Contaminant  ooncenttations  are  assumed  to  remain  constant  during  the  duration  of  the 
assumed  eiqioaures. 

A  maximum  oonceatration  screening  rqiproach  was  used  to  diminate  pathways 
of  low  risk  to  human  healdi.  Padiways  diminated  included  subsurfece  soil,  surfece  water, 
sediment,  and  some  surfece  soil.  A  fish  ingestion  padiway  was  diminated  because  of  the 
lack  of  contamination  in  Shqi  Credc.  The  lemaining  pathways,  groundwater,  air  (dust),  and 
some  soil,  were  evaluated  under  reasonable  maximum-  and  average-case  eiqiosute  scenarios. 
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The  eirimeted  ride  values  were  compared  to  EPA  bench  nuiks.  The  iqiper 
aquifcr  groundwtter  pitfhway  geoenled  noocancer  hazard  index  values  exceeding  unity  and 
total  excess  lifedme  cancer  risks  equal  to  one  in  ten  thousand  (1  x  10^.  The  groundwater 
pathway  assumed  future  residential  exposures  dirough  ingestion,  inhalation  of  vqxxrs,  and 
dermal  contact  witti  upper  aquilier  groundwater  over  a  lifetime.  Total  metals  (arsenic  and 
manganese)  are  die  largest  contributors  to  the  groundwater  risk  estimates.  Ejqiosure  by 
ingestion  of  the  groundwater  yields  the  highest  risk  values. 

Under  reasonable  maximum  exposure  assumptions,  oiganic  contaminants 
contribute  between  10^  and  10^  excess  lifetime  cancer  risks  for  future  residents  through 
ingestion  of  groundwater  and  inhalation  of  volatiles  during  showering.  That  level  of  risk 
occurs  as  a  result  of  organic  contaminants  in  all  OU  S  subareas.  The  organic  contaminants 
contributing  to  die  estimated  risks  include  gasoline-  and  diesel-range  organics,  benzene,  and 
TCE. 


A  future  residential  scenario  for  die  upper  aquifer  groundwater  is  highly 
conservative.  The  upper  aquifer  at  OU  S  is  unlikely  to  be  used  for  domestic  purposes 
because  of  low  yield  and  the  availability  of  odm’  inped  watm  supplies.  The  aquifer  is  not 
currendy  being  used  at  OU  5. 

Eavironmental  Evahutlon.  Assessment  endpoints  (die  environmental  values 
to  be  jnotected)  considered  in  the  risk  assessment  for  aquatic  and  terrestrial  recqiton  include 
the  integrity  of  wildlife  habitats  in  OU  S,  no  significant  impacts  of  environmental 
contaminants  in  OU  5  on  wildlife  qiecies,  and  com|diance  with  potential  federal  and  state 
jqifdkable  or  relevant  and  sqiinDptiatB  requiranents  (ARARs).  Measuinment  endpoints 
include  general  habitat  conditions  as  assessed  through  qualitative  surveys,  evidence  of 
inqnired  ecosystem  health,  and  comparison  of  observations  and  contaminant  concentrations 
to  potential  ARARs. 
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The  risk  dniacterizatioa  indicated  that  die  most  likely  impacts  of  oontaminants 
on  aquatic  lecqnofs  m  OU  S  would  be  caused  by  dennal  contact,  abaoqition,  or  ingestion  of 
fiid  hydrocaibons,  mid/or  BTEX  and  PAHs,  by  benthic  macroinveftebiales  in  the  golf  course 
beaver  pond,  wetland  pond,  and  lower  bluff  pood.  InqMcts  to  aquatic  bed  idaots  in  the  gtdf 
ooune  beaver  pood  and  wetland  pood  hydrophytes  by  mettdxdic  iqitake  of  oontaminants  may 
also  be  a  limiting  &ctor  to  aquatic  v^etation  viability.  Furdmnote,  PCBs  (Aroclor  1260) 
were  delected  in  the  near-shore  sediment  of  die  snowmelt  pond  above  criteria  for 
level  of  concern.  The  presence  of  diironomids  at  die  water/sediment  interfile,  however, 
suggests  that  the  contaminant  in  diis  near-shore  environment  is  not  biologically  available,  or 
that  the  taxa  inesent  are  highly  resistant  to  the  cmtaminant. 

Fish  and  invertebrates  in  Ship  Credc  do  not  appear  to  be  at  significant  risk 
fimn  OU  S  oontaminants. 

Plant  stress,  and  possibly  the  reduced  ^-hatdiing  success  in  semiaquatic 
birds  diat  nested  near  several  surface-water  bodies,  jHovided  evidence  of  impaired  ecosystem 
health.  Causes  of  die  plant  stress  could  not  be  identified  definitively,  but  they  appear  to  be 
something  other  dian  fiid  hydrocarbons.  The  most  likdy  cause  seemed  to  be  minerel 
imbalances  related  to  elevated  manganese,  and  potentially  cobalt,  pboqihorous,  and  pH  in 
areas  where  plants  showed  signs  of  stress.  The  numbm  of  bird  nests  was  not  adequate  to 
determine  causes  of  nesting  fulure. 

The  risk  diaracterization  indicated  that  the  most  likely  impacts  of  contaminants 
on  terrestrial  eccdogical  recquora  in  OU  S  would  be  caused  by  die  following: 

•  Inhalation  exposure  of  small  mammals  to  fuel  hydrocarbon  viqxvs  when 
the  animals  were  in  their  burrows; 

•  Dermal  oontact/absmption  of  fuel  hydrocarbons  by  semiaquatic 
mammals,  birds,  and  wood  frogs  in  the  golf  course  beaver  pond  (or 
elseudiere  udien  surfsce  sheens  are  present);  and 


MeUboMc  iq>t»kc/inhibition  efiects  of  inoifaiiics  by  plants  near  seeps 
and  wedands  ndiere  plants  exhibited  signs  oi  stress. 


(ft 


> 


0 


The  limitations  of  die  above  oondusions  are  discussed  in  die  RI  report. 

Compaiing  observed  contaminant  levels  to  potential  ARARs  indicates  diat 
fbdeial  ambient  water-quality  criteria  and  the  Alaska  water-quality  standards  for  fuel 
hydrocarbons  are  being  exceeded  in  die  lower  bluff  pood  and  the  gdf  course  beaver  pond. 

SaowiatR  Fond.  Three  studies  of  the  snowmelt  pood  have  been  perfocmed. 
The  first  study  indicated  that  PCBs  may  be  i»eaent  in  the  sediment  of  die  pond.  The  second 
study  confirmed  die  presence  of  die  PCBs  in  the  sediment  The  third  study  evaluated  the 
risk  to  aquatic  lifo  posed  by  the  PCBs. 

Water  sanqdes  from  snowmdt  pond  contained  ooncentradoos  of  1.4  to 
2.S  ftg/L  of  dime  VOCs  diat  have  been  detected  in  groundwater.  Analysis  of  a  cmqiosite 
sediment  sam^  from  die  pond  detected  0.0S7  to  0.240  nq(/kg  of  11  diffnent  polycydic 
aromatic  hydrocarbons  (PAH)  conqiounds  and  1,6(X)  iig/lcg  of  PCBs  (Arochlor  1260).  Addi¬ 
tional  sediment  samples  woe  collected  in  June  1993  and  were  analyzed  f<v  PCB 
concentrations.  The  rqiotted  PCB  concentrations  in  these  samjdes  ranged  from  "not 
detected”  to  1,460  fig/kg. 

Sediment  and  surfoce  water  samides  were  collected  at  die  three  locations 
where  PCBs  were  detected  during  die  second  round  of  samiding.  The  sediment  samples 
were  analyzed  for  total  organic  carbon  (TOQ  because  PCB  toxicity  in  sediments  is 
dependent  on  the  TOC  concentration  in  die  sediments.  The  water  samples  were  analyzed  to 
determine  if  PCBs  are  present  in  the  water  phase. 

The  PCB  concentrations  do  not  exceed  any  potential  ARARs  for  human 
exposure.  There  is  potential  risk  to  aquatic  life  in  sediments  at  two  locations.  Also  a  sheen 


I 


» 


» 


* 


I  • 


I 


I 


» 


» 


ElMadotf  AFB  OU  S  ai/n  aapoit 


•  •  • 


15 


is  fimnd  OB  tbe  wHer  oev  a  seep.  The  sediment  impacts  and  the  dwea  are  evahialed  in  the 
FS. 


Bearer  Fmid.  The  bearer  pood  is  a  potentially  aensitire  recqanr  of 
contaminated  grmiadwaler.  Because  of  the  sensitivity,  two  studies  of  the  pood  hare  been 
conducted.  The  first  study  focused  on  the  identification  ci  contaminatinn  in  the  water  and 
sediment  in  die  pond.  The  second  study  evaluated  the  ability  of  die  pood  to  natuiaUy 
attenuate  the  known  types  and  ooncentfatioo  of  contaminants. 

on  analysis  of  data  colkcted  during  die  investigation,  the  fidlowing 
conclusions  hare  been  made. 

•  The  beaver  pood  is  within  Section  404  jurisdiction;  however,  a  404 
permit  would  not  be  required  for  allowing  die  wedand  to  continue 
natural  d^mdation  of  cootsminants. 

•  The  assessment  of  functions  suggests  diat  the  beaver  pood  is  capable  of 
treating  contamination  in  excess  of  diat  cunendy  disdiarging  into  the 
system. 

Any  Remedial  Action  inv<dving  earth  moving,  csptiire  of  surfooe  watm,  or  capture  of 
groundwater  that  naturally  disdunges  to  the  pood  would  not  require  a  404  permit,  although 
die  intent  and  substantive  requirements  of  diis  permit  would  hare  to  be  met.  A  404  permit 
would  also  not  be  required  for  allowing  Beaver  Pood  to  continue  natural  d^radation  of 
cnntaminanta,  nWiwigh  again,  the  intent  and  sub^antire  requimnents  of  this  permit  would 
hare  to  be  met  Continuation  of  natural  d^radation  would  not  entail  any  alteration  of  die 
system  whatsoever,  and  dterefore,  would  cause  no  impacts  to  the  hydrology.  A  kmg-term 
mnnitnring  program  wouU  be  needed  to  ensure  continued  effoctire  water  treatment  and  to 
track  potential  inqncts  to  die  ecosystem. 

Seeps.  Three  seeps  not  related  to  die  bearer  pood  were  evaluated  in  die 
bearer  pond  study.  These  seeps  discharge  impacted  groundwater,  and  die  discharge  tyincally 
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ooikcti  in  poddlM  aad  flow  fiom  llie  puddles  into  dunsfe  ditdies.  The  poletoial  exists  for 
wihflife  and  hunttos  to  the  impected  groundwater. 

Baaed  on  the  analysis  of  data  collected  for  these  seeps,  die  following 
conchisions  can  be  dnwn: 


•  The  seqw  not  rdated  to  the  beaver  pood  cotoain  hydrocaibon-degiading 
bacteria,  yet  residence  time  in  the  system  is  probably  not  sufficient  for 
complete  degradation;  and 

•  The  water  quality  inqiroves  as  die  water  flows  away  fhnn  die  point  of 
diachaige. 

£.2  F<»«dhmtT  Study 

The  results  of  the  remedial  investigation  (RI)  of  Operable  Unit  (OU)  5  indicate 
areas  of  soil,  sediment,  groundwater,  and  suifoce  water  contamination.  To  determine  ^iriiich 
media  and  whidi  contaminants  need  to  be  remediated,  the  RI  results  were  compared  to 
potential  ARARs,  human  healdi  risks  posed  by  the  contaminants,  and  ecologicai  risks.  The 
conqnrison  with  these  three  oiteria  determined: 

•  Which  contaminants  exceeded  the  criteria.  These  became  die 
contaminants  ci  concern  (COCs). 

•  The  concentrations  of  die  COCs  diat  may  require  remediation. 

•  Whidi  media  may  require  remediation. 

•  The  migration  padiways  affocted. 

These  four  focton  —  COCs,  concentrations  media,  and  migration  pathways  — 
in  turn  form  die  basis  of  the  Feasibility  Study.  The  most  inq»rtant  foctors  are  die 
identifiication  of  COCs  and  die  concentratioos  (rf  COCs  that  may  require  mnediation.  Indus 
report,  the  concentrations  above  wludi  COCs  may  need  to  be  ranediated  are  referred  to  as 
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interim  wanediitinn  foela  (nUe  1).  They  are  celled  interim  becauae,  while  thf^  aie  baaed 
on  npilriofy  lequimnenta  and  aile  data,  th^  an  not  the  nefotiated  dean-iq>  leveb  for 
OU5. 


The  COCa  for  OU  S  an: 


Water  COCa 

•  Fuel  hydiocaibons  (JP-4,  TFH-dkael,  TFH-gaaoline); 

•  Halogenated  volatile  otgu^  con^ounda  (VOCa);  and 

•  Aromatic  vdatik  <»sanic  conqxwnda  (BTEX).  l 

Sdl  and  Scdfanent  COCa 

•  Fuel  hydrocaibona  (IP-4,  TFH-dieael,  TFH-gaadine);  * 

•  BTEX  conqKNinds;  and 

•  PCB  (Arochlor  1260). 

I 

Remedial  actiona  oonaiidend  for  groundwater  and  surfoce  seq»  in  OU  5  must 
alao  accommodate  contaminants  diat  may  migrate  in  groundwater  from  all  upgradient 
sources.  Therefore,  die  list  of  COCa  may  be  oqnnded  in  the  fotun,  if  new  COCs  an  t 

identified  during  groundwater  characterization  investigations  in  anas  iqigradient  from  OU  5. 

One  inorganic  oraqwond  has  not  been  made  a  COC.  The  RI  found  that  ^ 

arsenic  is  a  majOT  contributor  to  both  caidnogenic  and  non-carcinogenic  risk  in  the  ami  and 
groundwater.  However,  an  increasing  body  of  data  indicates  diat  arsenic  is  not  a 
contaminant  in  OU  S.  Arsenic  occurs  naturally  in  soil  and  water  of  OU  S  at  concentrations 
greater  than  dioae  detected  in  uncontaminated  media  duoughout  die  U.S.  These  greater  h 

background  concentratkms  in  Ehnendmf  AFB  soils  provide  a  natural  source  of  arsenic  in 
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Table  1 
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Table  1 
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(Coi^oed) 
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QhM 
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Wimr 

(coat.) 

Hydiocaifco—,  oil,  aad 

NotGaoMVHihlo 
ihMOi  Of 

ASWQtandMdo 

SfoMao  Mta  bo  foaat 

COCt  aad  aot  aotanl 

AUpoiwHalCOCi 
(Lo..  PCBi,  PAHt, 
TFH^  VOCb.Md 
■KWfiaico  {fliuapt 
■iwicD  M  a  iporilic 

Told  caRmogMoe 
firfc  of  <  t  X  10* 

EPAKitac 

OnideiiaMfcr 

Sapofftad 

Upporv^of  1  X 

10*  to  1  X  10*  EPA 

roifianfur  cUc 

Total  aoocaic^ 
gmc  Hund  farli 
of  <  1 

VARi* 

Onideliim  for 
Supotfoad 

EPA  ooooptablo 
aoacMdaofMie  fuk 

PCBo 

0.014  m/L 

NAWQC 

TUo  goal  it  oaxo 
ooaoarvadve  Ibaa  the 
MCLo. 
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i  because  ttie  arsenic  in  s(^  may  be  leached  to  gioimdwater  and  sutftoe  water  or 
as  sediment  from  soil  erosion.  Arsenic  concentrations  in  OU  5  groundwater 
b  less  than  federal  and  Alaskan  MCLs  Ux  drinking  water.  Manganese  is  also 
111;  however,  the  analytical  data  show  a  hi^  Mas  suggesting  ttie  manganese 
ons  are  lower  than  shown  by  die  data.  For  diis  reason,  manpnese  is  not 
aCOC. 


for  No  Further  Aetloa 


No  further  action  is  recommended  fot  die  fdlowing  source  areas  or  specific 
pathways  in  each  of  die  three  geogrqihic  areas  of  OU  S  because  remedial  actions  are  not 
warranted. 


Source  Areas  STBS  and  SS42  —  No  fiutiier  action  for  die  soil,  suifroe  water, 
and  sediment  pathways  are  warranted  for  die  following  reasons: 


•  TFH  diesel,  JP-4,  and  BTEX  compounds  were  only  delected  in  soil  10 
to  60  feet  below  surfroe  SK3,  MWll,  SP2/6-10,  and  SP2/6-04  and 
are  not  in  a  surfioe  soil  padiway  accessible  by  residents  or  terrestrial 
animals; 

•  Detected  contaminant  concentrations  pose  less  than  1  x  10^  cancer  risk 
and  have  a  Hazard  hidex  less  than  1  for  non-cancer  risks; 

•  COC  concentrations  do  no  exceed  ARAR  or  TBC  levels;  and 

•  There  ate  no  identifiable  affects  of  contaminants  on  aquatic  bkMa  <x 
terrestrial  {dants  and  animals. 
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MkMblOSH 


Smk*  Aim  S8SS  ->  Ho  ftothcr  octioB  is  wamolsd  for  the  soil  pitfliwsy  for 
tfie  foilowifig  fetsoet: 


TFH  tfcsd,  JIM,  «m1  BTEX  compound  conosntnliwu  woe  deteded 
ki  SB26  d  a  dspdi  of  2S  to  27  feel;  TFH  dksd  oonocDtntkm  in  aeir 
suiftoe  soil  at  SL20  was  only  2  iBf/lcg; 

Ddected  comaminaiit  ooocentiatioiis  pose  less  than  1  x  10^  r»itrmr  ritk 
aid  hawe  a  Hasaid  bdex  less  than  1  fornoo-caaoer  risk;  and 

Cootamiiiant  ooacentntiaos  do  no  exceed  ARA&  or  TBC  levels. 


Sooce  Areas  SD40  and  ST46  —  Ho  ftudier  actioii  is  wananled  for  the  sod 
pathway  for  the  following  reasons: 


Detected  contaminant  conoedrstions  in  all  soil  samples  pose  leu  than 
1  X  10^  cancer  risk  and  have  a  Hazard  Index  less  than  1  for  non-cancer 
risk; 

COC  concentratioos  do  no  exceed  ARAR  or  TBC  levds;  and 

There  are  no  identifiable  affects  of  contaminants  on  aipiatic  biota  or 
terrestrial  idants  and  aniinals. 


I 


» 


» 


I 


»  • 


» 


Remedial  actions  for  COCs  in  ipedfic  pathways  were  be  evaluated  in  the 
foasilnlity  study  because  contaminants  exceed  potential  ARARs  or  TBC  regulatory  levds  or 
pose  cancer  risks  gieder  than  1  x  10^  or  non^anoer  risks  with  a  Hazard  Index  greater  than 
1.  The  pafoways  that  were  evaluated  in  eadi  geognyhic  area  and  die  reasons  for  sdecting 
die  pathway  are  caqdained  bdow. 


» 


I 


» 
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fvthniBd  for  flie  Mil  pitfiiway 


» 


for  foe  following  maont; 


TPH  diMri  Mid  gMoliiie  wwfjiitririfma  thg  iiHerim 

•Oils  ci  200  mg/kg  and  100  mg/kg,  lapectivdy,  in  a  anqile  front  10 
to  12  bdow  ground  ainfrtoe  at  SB29. 


Remedial  actions  were  evalnated  for  foe  auifooe  water  pafoway  for  foe 
fitOowing  reason: 


» 


The  ooncentiatiooa  of  JP-4  (770  t«g/L)  and  TFH  gas  (320  Mg/L)  exceed 
foe  Alaska  Sinfoce  Water  QuaUty  (ASW(2)  ARAR  of  (lO^g/L)  at 
location  SW08. 


The  sntfooe  water  is  a  puddle  caused  hy  seqp  water.  This  pafoway  was  k 

evaluated  in  foe  FS  as  a  seqt  groinidwater. 


Remedial  actioos  were  evaluated  for  foe  groundwater  pafoway  for  foe 
fitUowing  reasons: 


Potential  foderal  and  stele  ARARs  for  groundwater  are  exceeded  fior 
beaaene  (5  pg/L)  at  SPl-Ol,  for  TCE  (5  pg/L),  Mid  TFH  (10  /ig/L)  at 
SPl-01,  AfWlS,  and  MW16A;  and 

Bnoeas  Ufetinw  cancer  tida  to  a  fitture  residential  receptor  exceed 
1  X  10^  in  groundwater  at  wdls  MW02,  SPl-01,  and  SPl-02  locations 
even  if  arsenic  is  ddeted  as  a  contributor  to  risk. 


Onteida  of  Sonree  Arena  —  Remedial  actioos  were  evaluated  for  foe  soil 
pi^way  for  foe  following  reasons: 


rAnousnmaipMi 
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r^: 


®  1 


•  The  TFH  diMet  conoawtfi^ioB  oceeds  the  iBfim  Temedatinn  goal  of  t 

200  mg/ki  in  n  small  volume  of  soil  south  oi  ST38  at  SL16  and  the 
segments  at  SB06. 

This  soil  is  oottfaminaied  by  fioundwaler  seeps.  Because  the  soil  is  inqwcled  » 

as  a  lesttb  of  a  aeq»,  die  lemediation  ot  soil  was  not  ooosideml  independendy,  without 
eviduadon  of  altesemivcs  fiv  seq». 


Remedial  actions  were  evaluated  fior  the  {toundwater  pathway  for  die 
hdlowing  reasons: 

•  foierim  remediation  goals  based  on  potential  ARARs  for  JP  4  and  TFH 
gasidine  (10  jtgA)  are  caceeded  in  MW  13. 

•  Excess  lifotime  cancer  risks  to  a  future  lesidcatial  recqilor  exceed 
1  X  10^  in  groundwater  at  wdl  MW13. 


Remedial  actions  are  evaluated  for  die  Snowmelt  Food  for  die  following 


reasons: 


PCB  in  serfiment  may  pose  a  risk  to  aquatic  life;  and 
A  suifooe  sheen  near  the  seqis  exists. 


Eastern  OCJ  5 


» 


Remedial  actions  were  evaluated  for  the  surfoce  water  pathway  for  the 
Rdlowing  reason: 


•  A  TFH  gastdine  conoentiation  of  52  ng/L  exceeds  the  Alaska  Surfoce 
Water  <2uaUty  (ASWQ)  ARAR  of  10  ^ig/L  and  TCE  exceeds  the  MCL 
ARARofS^g/L. 


•  • 


Amousavnaipaft 


25 


<&  •! 


tenedttl  actkaa  woe  evaluated  for  die  groundwater  pathway  for  the 
following  leaioiia: 


•  liderun  lemediation  goala  for  groundwater  are  enoeeded  for  TCE 
(S  itg/L)  at  MW06  and  for  TFH  gaatdine  (10  itg/L)  at  GWSA;  and 

•  Excess  lifodme  cancer  tula  to  a  future  residential  receptor  exceed 
1  X  10«  at  wells  hfW06,  MWOr;.  and  GWSA. 


» 


i 


a— Ob^eedvea 

Remedial  action  objectives  (RAOs)  are  the  goals  dut  die  remedial  action 
altenutives  proposed  in  the  feasibility  study  (FS)  are  designed  to  achieve. 


Overall  goals  fw  the  remedial  actions  at  Operable  Unit  (OU)  5  are  to:  h  ^ 

•  Protect  human  healdi  by  reducing  die  risk  from  the  potential  esqposures 
identified  in  the  human  healdi  evaluation; 

•  Protect  environmental  tecqitors;  * 

•  Restore  contaminated  media  fw  present  and  future  land  use; 

•  Protect  uncontaminated  media  by  inventing  rekaaes  from  sources; 

•  Expedite  site  cleaniqi  by  trying  the  U.S.  EPA  Superfund  Accderated 
(Cleanup  Model  goals;  and 

•  Use  permanent  stdutions  and  alternative  treatment  techncdogies  to  die 

maximum  extent  practicable.  • 


Specific  remedial  action  objectives  derived  frnn  dieae  goals  are  listed  in 
Section  8.0  of  die  RI/FS. 
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■MMdU  Action  AttcmotiTCS 


Based  on  the  remedial  action  objectives,  the  interim  remediation  goals,  and  the 
CXX::a,  gencnl  re^wnse  actiona  were  identified  for  both  water  and  soil  contamination. 

The  general  reqnnae  actions  for  water  are: 

•  Natural  attenuation; 

•  Institutional  actiona; 

•  Containment; 

•  Extraction/treatment/diachaige;  and 

•  In-aitu  treatment. 

The  general  re^mnae  actions  for  soil  are: 

•  Natural  d^radation; 

•  Institutional  controls; 

•  Excavation  and  di^tosal; 

•  Containment; 

•  Excavation/treatment/diaposal;  and 

•  hi-situ  treatment 


» 


» 


For  sediment  in  die  Snowmdt  Pond,  reasonfole  altonatives  are  linked. 
Excavation  oi  die  sediment  would  be  diflicolt  because  of  die  standing  water  and  the  potential 
to  ^mad  invaded  aedinieat  Also,  cqiping  would  not  be  feasible  because  of  the  saturated 
conditions  and  the  probability  that  a  cqi  would  be  tmeadied  by  hydraulic  forces.  Therefore, 
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a  pretttiqitive  remedy  diat  uolates  the  sediment  and  convcfts  the  Snowmdt  Fond  into  a 
constructed  wedand  has  been  sdected  to  lonediate  ieqMcts  on  sediment  in  die  central  area. 

From  these  media’^iecific  general  re^ionse  actions,  technologies  were 
identified  and  screened  lor  effectiveness,  implementability,  and  cost. 

Thoae  tedmcdt^ies  that  passed  this  initial  screening  were  condiined  into  media- 
qiedfic  alternatives  that,  based  on  professional  judgment,  were  most  t^iftiicable  to  the  setting 
and  contaminants  at  OU  S.  These  alternatives  were  screened  fiv  effectiveness, 
imfriementability,  and  cost  in  a  {Hocess  similar  to  the  evaluatum  of  technologies. 

Alternativ>»  that  passed  diis  second  screening  (Table  2)  were  evaluated  in  detail. 

However,  any  remedial  action  alternative  evaluated  in  the  FS  must  address  all 
of  the  contamination  in  the  operable  unit.  In  the  case  of  OU  S,  that  meant  developing  multi- 
media  alternatives  that  eadi  address  the  main  body  of  impacted  groundwater,  seqis,  and  soil. 
Even  with  only  a  few  remedial  alternatives  for  each  medium,  the  potential  plausible 
combinations  of  multi-media  alternatives  is  very  large. 

To  reduce  die  number  of  rqretitive  alternative  descriptions,  an  approach  was 
developed  where  the  media-based  alternatives  evaluated  individually  according  to  the 
nine  CERCLA  critoia  using  a  numerical  scoring  system.  Multi-media  alternatives  woe  then 
developed;  the  multi-media  scores  fot  each  CERCLA  criterion  were  calculated  by  averaging 
individual  conqranent  scores  for  a  total  comparative  score.  For  example,  if  the  long-term 
effectiveness  scenes  fen  these  cennponents  are  4,  S,  and  3,  the  average  scene  fen  the  lemg- 
term  effectiveness  erf  tiiis  multi-media  alternative  weruld  be  4  (12  -i-  3).  The  average  scenes 
fen  tiw  multi-media  alternatives  were  evaluated  in  the  comparative  analysis.  This  approadi 
streamlined  the  efetaikd  analysis  ^ent  by  not  creating  repetitive  analyses  fin  amilar 
ceNidnnations  erf  alternatives.  Eadi  media-qiecific  compement  was  evaluated  fin  protection 
inovided  to  human  healtii  and  the  environment,  compliance  with  tiie  remedial  action 


I 


I 


\4i 


» 


I 


I 


»  i 


I 


a 


» 


» 


EtaMdocf  AFB  eXI  S  Rims  lUport 


28 


•  ••••••• 


•  I 


8  6  C  Z  8  t 


Table  2 


MetHa-Spedflc  and  Applicable  Fitbway 
Rnaedial  Action  Altwiudhee  for  OU  5 


3KAXBIILIBEaSiB£IXaiaXEBtiaiDS8 

—  Nabinl  AanwMiM 
ICottmk 


✓ 

✓ 


—  Itoiv  Bawathw  wih  Coa- 
IWa 


)  Batnwiiaa  with 
CftAofl  TPMlIBBHt 


—  Air 


Ml  Soil  Vqior 


—  Afltiw  EMwelkwi  with  Ak 
taadCoihoa 


✓ 

✓ 


SOIL  TMATIIBWT  ALTON  ATWBS 


AltBnMlhwfT  —  HMual  DagndMioa 
AhHMiivefS  -  iMtilMlin—l  CouMi 
AkcaMivofS  —  Bicavattwi.  Bimiilhn 


Atanolivo  f  10 — 


Kd 


objectives  and  posmtial  ARARs,  effectiveaess,  and  imidnnentatMlity.  For  eaample,  a 
oonddned  multi-aiedia  ateniative  might  be: 

•  BHiive  cartiartioii  and  activated  caibon  treatment  for  aeq»; 

•  Bioventing  for  soil;  and 

•  Nttural  attenuation  widi  institutiooal  oontnds  for  groundwater. 

Finally,  a  oost-to^fifectiveness  quotient  was  calculated  for  each  multi-media 
alternative.  The  cost-to-effoctiveoesa  quotient  is  die  sum  of  the  five  effectiveness  criteria 
scores  divided  by  tite  cost  On  millions  of  ddlars).  The  higher  die  quotient,  die  mote  cost 
effective  die  alternative. 


While  the  purpose  this  FS  is  not  to  recommend  die  "best”  remedial 
alternative,  an  analysis  of  effectiveness/cost  quotient  can  give  an  indication  of  die  most 
prmnising  altenutives.  Below  ate  indicated  die  three  alternatives  that  scoped  highest  for 
each  area,  widi  their  attendant  effectiveness/cost  quotients. 


Passive  extraction  with  constructed  wetlands  fiv  seq»/natutal  attenua¬ 
tion  with  institutional  contiob  for  groundwater/triovoiting  for  soils; 

Passive  extraction  widi  constructed  wetlands  for  seqis/natural 
attenuation  for  groundwater/bioventing  for  soils;  and 

Passive  extraction  with  activated  carbon  for  seqn/natural  attenuation 
with  institutional  controls  fcx  groundwater/bioventing  for  soils; 
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S.9  ftniwe  «artmctioa/«ctivned  cubon  treatment  for  weps,  mluial 

tXiamAan  with  iiatitutional  controb  for  gnNmdwaier,  and  iMovaitmg 
for  soil. 


RffeflriviaM^Coat  Quotim^ 


1) 

2) 

3) 


7.7  Paastve  extnctioo  with  constructed  wetlands  for  seqM/natural 
attenuatiott  for  groundwater/bkyventing  for  soils;  and 

7.6  Passive  eatractkm  widi  constructed  wetlands  for  seeps/natural 

attenuation  with  institutional  contrcds  tor  groundwater/bioventing  for 
soila; 

7.1  Fbur  multimedia  options  tied,  all  of  which  include  passive  extraction 
with  eitiier  constructed  wetiai^  or  activaled  carbon. 


EflwtiYcncii^Coat  Quoticat 


1) 

8.9 

Passive  extraction  with  constructed  wetlands  for  se^s/natural 
attenuation  with  institutional  controls  tor  groundwater; 

2) 

8.8 

Passive  extraction  witii  constructed  w^lands  fw  seeps/natural 
attenuation  for  groundwater; 

3) 

8.1 

Passive  extraction  witii  activated  carbon  for  seq»/natuial  attenuation 
witii  institutional  contrctis  for  groundwater;  and 

4) 

8.0 

Pas^  extraction  with  activated  carbon  for  seqis/natural  attenuation 
for  groundwater. 

As  stated  earlier,  the  evaluation  of  alternatives  by  using  effectiveness/cost 
quotients  cannot  be  relied  on  to  sdect  tire  "best”  alternative  due  to  the  numerous  assumptions 
made  (e.g.,  assigning  equal  weight  to  eadi  criteria).  However,  it  can  provide  a  us^iil  cut  of 
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the  MOW  pwfcnMe  atterartivet.  The  lemiiiider  of  the  CBRCLA  prooen  0.e.,  Piopoaed 
Ran,  ateney/public  input,  and  Keoonl  of  Decuioo)  will  delennine  the  pieftned  alternative. 
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INTOODUCnON 


This  rqwrt  presents  the  results  of  the  remedial  investigation  (RI)  of  Operable 
Unit  (OU)  5  on  Elmendorf  Air  Force  Base  (AFB),  Alaska,  conducted  by  the  U.S.  Air  Forcr 
(USAF).  The  site  location  is  shown  on  Figure  1-1.  The  RI  report  describes  the  mults  of 
field  investigations  and  {Rovides  am  evaluation  of  the  data  and  a  risk  assessment.  The  RI 
activities  took  {dace  during  wmmor  and  fidl  1992. 

In  August  1990,  Elmendorf  AFB  was  listed  by  die  U.S.  Environmental 
Protection  Agency  (EPA)  on  the  National  Priorities  List  (NPL).  This  listing  designated  the 
facility  as  a  federal  Superfund  site  subject  to  die  remedial  reqwnse  requirements  of  the 
Comprehensive  Environmental  Response,  Compensation,  and  Liability  Act  (CERCLA),  as 
amended  by  the  Superfund  Amendments  and  Reauthorizadon  Act  (SARA)  of  1986. 

As  a  result  of  ElmendcHf  AFB  beiiig  listed  on  the  NPL,  the  USAF,  the  EPA, 
and  the  Alaska  Department  of  Environmental  Conservation  (ADEC)  negotiated  the  Federal 
Facility  Agremnent  (FFA)  for  Elmendorf  AFB,  whkdi  all  three  parties  signed  on  November 
22,  1991.  Under  terms  of  the  agreement,  all  ranedial  reeKMise  activities  will  be  conducted 
to  iRotect  the  public  health  and  wdfiue,  and  the  environment,  in  acoRdance  with  CERCLA, 
the  National  Contingency  Plan  (NCP),  the  Resource  Conservation  and  Recovery  Act 
(RCRA),  and  apidkable  state  law.  The  purpose  of  die  FFA  and  its  requirements  are 
summarized  in  EtmendorfAir  Force  Base,  Alaska,  Basewide  Investigation  Work  Plan  (CH2M 
HILL,  1992b). 


1.1 


In  reqxRise  to  the  FFA,  the  USAF  prqiared  a  management  plan  for  OU  S 
(CH2M  HILL,  1992(0  dud  snved  as  a  planning  document  for  the  OU  S  RI  activities.  The 
OU  5  Management  Plan  met  the  requirements  of  CBtCLA  and  the  FFA. 
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The  invcsticttkn  OU  S  had  die  tbflowiog  objectives: 


Provide  nrfficient  data  to  devdop  souice-i^iedfic  and  OU-qwcifk 
oonceptual  modds. 

Dettraune  die  potential  for  <^te  migndion  of  OU  5  contaminants  and 
impacts  on  Ship  Ciedc. 

Determine  the  influence  of  iqifcadient  contaminant  sources  on  the  OU  S 
areas. 

Cdlect  sufficient  data  to  determine  the  apfmximate  extent  and  nature 
of  contamination. 

Collect  sufficient  data  to  determine  die  risks  to  human  health  and  the 
environment. 

Prepare  an  RI  rqMvt  with  tesuld  of  the  field  investigation  to  provide  a 
basis  for  the  feasibility  study  (FS).  In  accordance  with  the  OU  S 
Management  Plan,  the  RI  rqioft  will  also  present  preliminary  recom¬ 
mendations  for  remedial  mchndogies  and  remedial  action  objectives. 
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OU  5  is  one  of  the  areas  on  Hmendorf  AFB  that  has  been  identified  in  the 
FFA  as  a  source  of  environmental  contamination.  The  location  of  OU  S  and  odier  operable 
units  at  die  site  is  shown  on  Figure  1-2. 

Throughout  diis  RI  rqxvt,  "the  site"  refers  to  Elmendorf  AFB;  areas  of 
contanunation  or  potential  contamination  within  Elmendorf  AFB  are  referred  to  as  "source 
areas"  or  "sources." 

IJ2.1  OperdUe  Unit  5  Descriptfoo 

OU  S  is  located  just  north  of  Shqi  Creek  at  die  southern  poirnet^  of 
Elmendorf  AFB.  The  FFA  lists  m  potential  source  areas  in  OU  S  that  were  idoitified  by 
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figure  1-2.  CERCLA  U  Ehnendorf  AFB 
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Elm*  -.mcuS  sac 


the  USAF  through  records  aeiiches  ot  ipills  and  fud  seqM.  Rguie  1-3  shows  the  locations 
oi  the  OU  S  source  areas.  The  source  wets  included  in  OU  S  are  groiqied  together  because 
dtey  dtare  siinilar  petndeoin-likB  oodaminants,  potential  for  ofCtite  migrttioo  oi  the  oontami- 
aants,  potential  impacts  to  Ship  Creek,  and  potential  risks  to  recquors.  All  ax  sources  have 
undergone  previous  investigations.  It  is  not  oertaia  ediether  these  sources  are  the  only 
sources  of  petrdeum  contamination  In  OU  S.  Hgure  1-3  also  shows  the  location  of  coal  fly 
ash  deposits  that  were  observed  in  borings  (hning  previous  investigations.  Fly  ash 

was  a  residual  waste  of  the  coal-burning  Hmendorf  AFB  power  plants  until  the  plants 
switched  to  natural  gas  in  the  1960s.  The  extent  trf  fly  atii  dqtosits  on  the  bluff  area  is 
unknown. 


Figure  1-4  shows  the  locations  and  concentrations  of  selected  contaminants 
(total  petrdeum  hydrocarbons  (TPH];  benzene;  total  benzene,  toluene,  ethylbenzene,  and 
xylene  [BTEX];  and  trichloroethene  fTCE])  found  within  OU  5  during  previous  investi¬ 
gations.  Rgure  1-4  also  shows  a  larger  study  area  surrounding  the  OU  S  sources  that 
includes  upgradient  and  downgiadient  areas  where  sampling  activities  occurred  during  the  RI. 
The  boundaries  of  this  study  area  are  loosely  defined  as  SOO  to  1(XX)  ft.  north  of  the  petro¬ 
leum,  oil,  and  lubricants  (POL)  pipelines,  to  include  open  areas  where  upgradient  wells  were 
placed,  and  along  Ship  Creek  to  tiie  south,  to  include  downgradient  sampling  areas  and 
surface  water  and  sediment  sampling  along  Shq)  Creek.  An  offsite  industrial  area  west  of 
Reeve  Boulevard  and  south  of  Post  Road  was  not  included  in  tiie  proposed  study  area 
because  of  the  known  and  potential  smirces  for  soil  and  groundwater  contamination  that  exist 
in  this  area  (such  as  the  Standard  Steel  .Superfund  site).  The  known  and  potential  sources  in 
tiie  industrial  area  are  not  expected  to  impact  Elnmndorf  AFB  and  the  OU  5  source  areas 
since  th^  are  located  hydraulically  downgradient  from  the  site.  Industrial  area  sources  may 
cause  impacts  to  Ship  Creek  that  are  sqnrate  from  potential  impacts  caused  by  Hmendorf 
AFB  sources;  however,  this  RI  is  not  designed  to  evaluate  impacts  caused  by  offsite 
industrial  area  sources. 
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Source  Area  Histories 


1  Source  ST37— Diesd  Line  Leak 

Source  ST37  is  a  diesel  fuel  line  leak  that  occurred  from  1956  to  1958  just 
south  of  the  U.S.  Army  Corps  of  Engineers  (CC^  Building.  The  exact  location  of  the  leak 
was  not  identified  in  eariia  rqwrts.  Diesel  fiidi  reportedly  seq)ed  out  of  the  ground  near  the 
railroad  tracks,  and  thousands  of  gallons  of  diesd  fuel  were  recovered  at  this  location  during 
the  1950s.  An  unknown  amount  of  diesel  may  have  remained  below  ground  (Engineering- 
Science,  1983). 

Elmendorf  AFB  Water  Supply  Wdl  2  is  less  than  500  feet  east  of  Source 
ST37.  This  well  is  approximately  850  feet  deq>  and  draws  from  the  confined  lower  aquifer 
beneath  the  base.  No  organic  contamination  has  been  d^ected  in  Well  2.  One  sample 
collected  by  the  Elmendorf  Biooivironmental  Engineering  Services  Group  (BESG)  contained 
lead  at  13  /ig/L  (refer  to  Section  1. 2.3.2).  Well  2  serves  as  a  backup  for  cooling  water  for 
the  power  plant  when  the  flow  of  Ship  Creek  is  low  and  for  drinking  water  when  Fort 
Richardson  can’t  supply  enough  water  to  meet  total  demand.* 

A  previous  investigation  (Black  Sc.  Veatch,  1990)  included  2  soil  borings  that 
were  converted  to  Mtmitoring  Wells  SPl-01  and  SPl-02,  and  soil  gas  surveys  at  10  locations 
within  Source  ST37. 


The  Black  Sc  Veatch  sampling  and  analysis  program  for  ST37  included  the 

following: 

•  Soil  samfdes  analyzed  for 

-  Total  p^roloim  hydrocarbons, 

*hifonBiiioa  oa  Water  Supply  Well  2  wae  obtained  in  a  tekphooe  converaation  widi  John  Barbour,  Elmendorf 
AFB,  Water  and  Waatewater  Office,  oa  October  13,  1992. 
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-  Soil  moistuie  content; 

•  Groundw^  samples  analyzed  for 

-  Total  dissdved  solids  (TDS), 

-  Petndeum  hydrocarbons, 

-  Purgetd>le  aromatics,  md 

-  Extractable  priority  pollutants. 

Benzene  was  not  detected  at  any  of  the  10  woA  gas  survey  locatkms.  Toli^ne 
was  detected  at  eight  locations,  with  concentnuions  tanging  from  trace  levels  to  9.98  parts 
per  million  (ppm).  Xylenes  wm  detected  at  eight  locations,  with  the  maximum 
concentration  at  1.86  ppm.  Concentrations  of  unidentified  organics  also  were  detected  at 
eight  locations. 

Benzene  exceeded  the  maximum  contaminant  levd  (MCL)  in  groundwater  at 
one  of  the  two  groundwater  sampling  locations,  monitoring  well  SPl-01,  with  a  concentration 
of  13  ng/L.  The  maximum  concentration  of  ethylbenzem  detected  in  groundwater  was 
66  ftg/L;  tduene  was  8.8  figfL;  and  total  xylenes  were  lOS  ng/L.  These  concentrations  are 
all  below  MCL  standards.  TPH  in  soil  at  monitming  well  SPl-01  was  160  milligrams  per 
kilogram  (mg/kg)  and  exceeded  State  of  Alaska  cleanup  standards  of  100  mg/kg. 

Source  ST38— JF>4  Ftel  Line  Leak— and  Source  SS42— Diesel  F)iel  Spill 

Source  ST38  is  just  north  of  the  Alaska  Railroad  Corporation  (ARRC)  tracks 
and  east  of  Mqde  Street.  As  a  result  of  a  fuel  line  leak,  an  unknown  quantity  of  JP-4  jet 
fud  seqwd  out  of  foe  bank  southeast  of  Building  22-010  near  the  draim^e  ditch  crossing 
Post  Road  during  1964  and  1965.  No  fuel  was  recovered  at  this  locatimi  (Enginemng- 
Scienoe,  1983). 
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Source  SS42  is  next  to  Buiklinf  22-013.  An  e^nuUed  8000-gaUon,  one-time 
qnll  of  diesd  fud  occurred  on  March  31,  1976.  The  spill  occurred  when  the  overflow  valve 
fsiled  during  transfer  of  fuel  from  an  hboveground  tank  to  an  underground  tank.  Most  of  the 
fuel  was  reportedly  recovered  from  the  fitozen  ground  (Engineering-Science,  1983). 

The  exact  locations  oi  die  JP-4  fiid  leak  at  Source  ST38  and  the  s|h11  at 
Source  SS42  have  not  been  cleariy  identified.  The  leak  and  spill  are  thought  to  have 
occurred  near  a  POL  tank  and  a  gasdine  fill  stmd  at  Building  22-010  (Black  &  Veatch, 
1990). 

During  an  investigation  in  1984 Dames  &  Moore,  monittmng  well  W-16 
was  installed  near  a  culvert  under  Bluff  Road,  qiproxinialely  ISO  feet  from  Building  22-101. 
(jroundwater  samples  collected  during  this  investigative  stage  were  analyzed  for  total  organic 
compounds  (TOQ,  dl  and  grease,  qwcific  conductance,  and  pH;  soil  was  analyzed  for  oil 
and  grease  and  moisture  content.  Oil  and  grease  in  soils  were  28  mg/kg  at  3S  fe^  and  were 
betow  the  detection  limit  of  8  mg/kg  at  40  feet.  Oil  and  grease,  and  specific  conductance,  in 
the  groundwater  sample  were  only  slightly  elevated  (Dames  &  Moore,  1986). 

A  second  groundwater  nnonitoring  wdl,  GW-6A,  was  installed  at  ST38  during 
the  Dames  &  Moore  1986-1987  fidd  effort.  Monitoring  Well  GW-6A  was  installed  near  the 
top  edge  of  the  bluff  south  of  Building  22-010  and  qiproximately  100  feet  from  well  W-16. 
Groundwmer  was  encountered  at  qtfnoximatdy  30  feet.  Wato-  quality  sampling  in  both 
wells  revealed  TPH  concentrations  of  0.8  mg/L  from  wdl  W-16  and  61  mg/L  from  well 
(jW-6A  (Dames  &  Moore,  1988). 

In  SqNembCT  1987,  Harding  Lawson  Associates’  fidd  reconnaissance  of 
Source  SS42  identified  significant  quantities  of  floating  oils  and  greases  on  stagnant  waters  in 
Shi^  Creek  immediately  opposite  the  diesd  Aid  stmage  site  (Harding  Lawsrni  Associates, 
lS188b).  The  extent  of  contamination  identified  in  the  marshy  area  of  Ship  Creek  extended 
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apf*oidmlAy  130  yards  caA  of  tbe  building  at  tte  Aid  stonge  area.  The  nature  of  the 
obaoved  malerial  was  undetennined  (Harding  Lawson  Associates,  1988b). 

A  s(^  gas  surv^  was  conducted  d  Soiooe  ST38/SS42  during  the  1988 
investigation  by  Black  &  Veatch.  Benzene  was  detected,  with  concentrations  ranging  from 
trace  amounts  to  0.88  ppm.  Tduene  and  xylenes  ranged  from  not  detected  to  2.S5  ppm  for 
tduene  and  8.91  ppm  for  xylenes.  Additionally,  concentrations  of  unidentified  organics  up 
to  a  maximum  0.80  ppm  were  detected  at  22  of  28  locations  (Black  &  Veatch,  1990). 

Ten  soil  borings  were  also  drilled  at  Sources  ST38/SS42  during  the  1988 
M/FS.  Five  of  these  borings  were  converted  to  monitming  wells  (SP2/6-01  through 
SP2/6-QS).  Evidence  of  contamination,  indicated  by  portable  photoionizatkm  analyzer  (HNu) 
readings,  odor,  and  visual  inqrection  of  samples,  was  reconted  during  drilling.  The 
sampling  and  analysis  program  for  the  Black  ft  Veatch  RI/FS  included  the  following: 

•  S<m1  sami^  analyzed  for 

-  Total  petroleum  hydrocarbons, 

-  Volatile  organic  compounds, 

-  Semivolatile  organic  compounds, 

-  S<^  moisture  content;  and 

•  Groundwater  samfries  analyzed  for 

-  Petroleum  hydrocarbons, 

-  Purgeable  aromarics,  and 

-  Extractable  fmority  pollutants. 

Locations  and  analytical  results  of  the  samples  are  indicated  tm  Figure  1-4. 
TFH  values  in  groundwater  wme  detected  in  four  of  seven  locations  and  ranged  from  1 .0 
HgfL  to  64  fig/L.  Ethylbenzene  was  detected  in  one  location  at  30  ng/L.  M-xylene  was 
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drtected  ia  one  locatkM  at  19  Mg/L>  and  o.p-xykaes  were  detected  in  one  location  at  S.8 
Mg/L.  Contaminants  delected  in  soil  included  2-mettiylna|ilithalene  in  oiw  location  at  17 
mg/kg,  and  TPH  in  two  locations  ranging  from  1763  to  9843  mg/kg  (Black  &  Veatch,  1990). 

J  Soaoee  SIMB— RnBrond  Matatenance  Aren  Oil  Seepage— and  Source 
ST46-JP-4  Fad  Line  Leak 


« 


Source  SD40  is  located  near  the  railroad  tracks  ^tpfoximatdy  600  ft.  north  of 
Shq>  Credc.  A  records  search  in  1983  documented  that  during  the  late  1960s  quantities  of 
brownish  oil  were  obsoved  seeping  out  of  the  btnk  near  a  "railroad  maintenaiKe"  facility 
into  the  marsh  area  south  of  the  ftcility  and  flowing  into  Ship  Credc  (Engineering-Science, 
1983).  The  source  of  the  oil  is  unknown.  Also,  the  existence  of  a  railroad  maintenance 
ftkcility  has  never  been  confirmed  by  Elmendorf  AFB  or  the  ARRC.  Base  nuq>s  show  an 
abandoned  railroad  qwr  in  the  area,  but  interviews  did  not  identify  the  purpose  of  the  spur. 

Source  ST46  is  a  leak  discovered  in  1978  along  the  banks  of  a  small  stream 
north  of  the  two  840,0(X)-gallon  JP-4  fuel  storage  tanks.  The  leak  was  a  result  of  a  crack  in 
an  underground  pipe.  After  the  pipe  was  rqnired,  ftid  continued  to  seep  from  the  bank  into 
a  beaver  pond  and  Ship  Creek. 


Field  investigations  for  Source  ST46  conducted  in  1984  and  1986-1987 
included  sampling  from  scnl  borings  and  groundwato’  monitoring  wells  (Dames  &  Moore, 
1986;  1988).  Figure  1-4  shows  samftiing  locations  and  aiudytical  results.  In  1984, 
petrdeum  hydrocarbons  were  detected  at  concentrations  of  1.7  mg/L  in  well  W-14.  In  1984, 
19  mg/L  of  TFH  was  detected  in  well  GW-4A.  The  water  samples  had  petroleum  odors. 
Groundwater  sampling  conducted  in  1986-1987  revealed  trace  levds  of  the  following 
conqwunds  in  well  GW-4A:  tetrachloroethene  (PC^  at  0.46  ftg/L;  TCE  at  3.0  ng/L; 
dibrcHnodilonHnethane  at  1.6  ng/L;  trichlorofluoromethane  at  0.49  ng/L-,  and  trans-1,2- 
dichloroetiiene  (DCE)  at  2.4  ng/L.  PCE  was  also  detected  at  0.S3  ng/L  in  W-14  (Dames  & 
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Kfoore,  1988).  These  sotveM  were  not  detected  when  GW-4A  was  resanq)ied  by  Black  & 
Vealch  in  1988  (Black  A  Veaich,  1990). 

As  part  of  the  Black  A  Veatch  investigation,  a  st^  gas  survey  was  conducted 
at  35  locations.  BTEX  conqMunds  were  detected  south  of  the  railroad  tracks.  Benzene  was 
obstfved  6  of  die  33  soil  gas  locatkms,  with  oonoeatratioos  ranging  frnn  trace  amounts  to 
6.15  ppm.  Toluene  was  detected  at  all  35  soil  gas  survey  locations,  with  concentrations 
tanging  from  trace  amounts  to  1613  ppm.  Xylene  wu  detected  at  23  of  the  35  locations  in 
concentrations  ranging  from  trace  amounts  to  15.97  ppm.  Unidentified  organics  were  de¬ 
tected  in  19  of  the  35  stMl  gas  survey  locations  concentrations  ranging  from  trace  amounts 
to  0.94  p|Hn  (Black  A  Veatch,  1990). 

The  soil  and  groundwater  samiding  and  analysis  pn^ram  f(v  the  Rl/FS  con¬ 
ducted  by  Black  A  Veatch  at  Sources  SD40/ST46  included  the  following  (Black  A  Veatch, 
1990): 

•  Soil  samples  analyzed  for 

-  Total  petroleum  hydrocarbons, 

-  Volatile  oi^aruc  compounds, 

-  Semivolatile  organic  compounds, 

-  Inductively  coufried  plasma  (ICP)  screen  (25  metals), 

-  Mercury, 

-  Organochknine  pesticides  and  polychltmnated  biphenyls  (PCBs), 

-  Soil  moisture  content;  and 

•  Groundwater  samples  analyzed  for 

-  Petroteum  hydrocarbons. 
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-  PufgeiUe  aramties,  and 

-  Extractable  priority  pdluttmta. 


Locations  and  analytical  results  the  sanqriing  program  are  indicated  on 
Figure  1-4.  Benzene  was  detected  in  die  groundwater  at  27  ^tg/L  at  SP4/1 1-01  and  at 
16  Mg/L  at  GW-4A.  Ediylbenzene  was  detected  in  one  of  the  locations  at  3  /tg/L,  and 
toluene  was  detected  in  two  locations  at  1.1  /ig/L  and  6.5  /tg/L.  TPH  detections  occurred  in 
five  groondwater  samples  at  concentrations  ranging  fiom  1.0  milligram  per  liter  (mg/L)  to 
3.3  mg/L. 


Metals  analyses  were  run  on  soil  samides  from  Source  SD40.  Results  were  as 
fidlows:  aluminum,  10,000  to  14,000  mg/l^;  barium,  28  to  59  mg/kg;  beryllium,  0.2  to 
0.3  mg/kg;  calcium,  4,000  to  5,000  mg/kg;  chromium,  18  to  30  mg/kg;  cobalt,  8  to 
10  mg/kg;  copper,  17  to  25  mg/kg;  iron,  20,000  to  26,000  mg/kg;  magnesium,  7,000  to 
•  10,000  mg/kg;  manganese,  400  to  700  mg/kg;  nickel,  18  to  31  mg/kg;  potassium,  600  to 

1,100  mg/kg;  sodium,  100  to  200  mg/kg;  vanadium,  34  to  52  mg/kg;  and  nnc,  38  to 
53  mg/kg. 

1.2^.4  Source  SSS3— Golf  Course  Seep 

Source  SS53  is  south  of  Post  Road,  north  of  Ship  Creek,  and  immediately 
nordi  of  the  g<df  course  pro  shop.  A  fiid  seq>  of  unknown  origin  was  obsoved  during 
firing  daw  for  an  unspecified  number  of  yean.  Fuel  from  the  seep  was  observed  flowing 
into  a  drainage  ditdi  parallel  to  Post  Road.  A  U.S.  Army  muldinoduct  fnpeline  traverses 
the  area  and  a  USAF  JP-4  fiid  {npdine  is  located  immediately  nordi  of  the  source  area. 

The  slope  where  this  source  is  located  is  less  than  500  feet  north  of  Ship 
Credc.  bi  addition,  Elmendmf  AFB  Sup|dy  Wdl  BW-52  is  located  less  than  500  feet  from 
•<i>  die  source  area.  This  well  is  166  foet  deqi  and  draws  from  the  confined  lower  aquifer 
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hfai^  the  Bootlegger  Cove  Ftmnatioo  (Eagifleeriaf^lcieace,  1M3).  There  is  no  known 
conteminerion  u  well  BW>S2. 

Huding  Lawson  Associates  perfonned  a  field  reconnaissance  in  1987.  Fuel 
was  observed  in  dallow  holes  and  stained  soil  was  observed  in  die  drainage  ditch  along  Post 
Road  (Harding  Lawson  Associates,  1988>). 

During  die  RI/FS  investigation  ooochicted  by  Black  A  Veatch  (1990),  a  soil 
gas  survey  was  performed  at  26  locations.  The  soil  gas  survey  showed  6340  ppm  benzene  at 
one  location,  widi  other  benzene  readings  ranging  from  nondetectable  to  15.85  ppm. 

Ttduene  was  detected  at  23  out  of  26  soil  gas  survey  locations,  and  readings  ranged  from 
trace  kvds  to  7.53  ppm.  Xylene  was  detected  in  22  out  of  26  sml  gas  survey  locations,  with 
11  readings  at  trace  levels  and  one  reading  at  6.26  ppm  (Black  A  Veatch,  1990). 

During  the  RI/FS,  Black  A  Veatdi  (1990)  drilled  six  soil  borings  in  the  source 
area;  diree  were  converted  to  monitoring  wells.  Twelve  soil  samples  and  three  groundwater 
samfdes  were  ccdlected.  The  samfding  and  analysis  prc^ram  included  the  following: 

•  Soil  samjdes  analyzed  for 

-  TPH, 

-  Volatile  wganic  compounds  (VOQ, 

-  S<^  mmsture  content;  and 

•  Groundwater  samides  analyzed  for 

-  TPH, 

-  Purgeable  halocarbons, 

-  Purgeable  aromatics,  and 

-  Extractable  {mority  pcdlutants. 
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Soil  and  frouadwaler  samplnig  locations  and  w^ytical  results  are  shown  on 
Figure  1-4.  TPH  was  delBCted  in  2  of  12  soil  aaiiq)ks:  44  mg/kg  at  30  ft.  and  56  mg/kg  at 
40  ft.  in  bocing  NS3-06.  TPH  was  detected  in  two  at  die  three  watn-  samjdes:  2.0  mg/L  in 
NS3-02  and  0.7  mg/L  in  NS3-(^.  These  concentrations  do  not  exceed  Stale  of  Alaska 
Drinldng  Water  Standards  because  no  sheen  or  odor  was  detected  during  sampling.  TCE 
was  delected  in  a  groundwater  samfde  from  wdl  NS3-02  at  1.2  /tg/L;  this  concentration  is 
below  the  MCL  of  5.0  ng/L. 

Other  Investigations  at  OU  5 
1.2^.1  Fly  Ash  Disposal 

During  previous  investigations  by  Black  &,  Veatch  (1990)  and  Dames  &  Moore 
(1988),  fly  ash  dqposits  were  observed  in  several  bcffings  along  the  bluff  of  western  OU  5. 
The  btmng  logs  for  Monitoring  Well  SPl-02  (near  Source  ST37)  and  wells  SP2/6-03  and 
SP2/6-04  (near  Source  ST38/SS42)  indicate  fly  ash  dqxisits  from  2  feet  below  ground 
surftce  to  depths  of  23,  30,  and  17  feet,  respectively.  Soil  with  interbedded  fly  ash  was 
observed  bdow  the  water  table  at  greater  depths  in  these  borings,  and  also  in  borings  GW- 
6A  and  SP2/6-05.  The  areal  extent  of  die  fly  ash  deposits  on  the  bluff  was  not  determined 
by  these  investigations  and  no  metal  analyses  were  performed. 

1.2.3JI  Ship  Creek 

Surface  watre  and  sediment  sanqiling  were  performed  at  three  locations  in  Ship 
Creek  during  the  Black  &  Veatch  field  investigations.  Sampling  sites  SC-4,  SC-S,  and  SC-6 
wme  located  near  die  base  g(df  course  and  Post  Road  gate  and  woe  adjacent  to  Sources 
ST38/SS42,  SD40/ST46,  and  SS53  (Black  &  Veatch,  1990).  Approximate  locations  are 
shown  on  Figure  1-4. 
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Ite  ampimi  pratnun  fcr  die  RI/PS  oondncled  by  Black  ft  Veatch  included 

the  fellow^: 

•  Seifiinent  san^lea  Malyaed  for 

-  TPH, 

-  ICP  screen  (25  metals), 

-  Mercury, 

-  VOC. 

-  Semivolatile  organic  compounds, 

-  Cyanide,  and 

•  Soil  moisture  content;  and 

•  Surface  water  samples  analy«d 

•  Common  anions, 

-  Petroleum  hydrocarbons, 

-  ICP  screen  (total  and  disstdvcd), 

-  Arsenic  (total  and  disstdved), 

-  Lead  (total  and  dissolved), 

-  Mercury  (total  and  dissdved), 

-  Sdenium  (total  and  disscdved), 

-  Putgeable  halocarbons, 

-  Putgeable  aromatics,  and 

-  Extractable  priority  pdlutants. 
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No  volatUe  or  aemivolstile  organics  were  detected  in  die  surfine  water  or 
sediment  aanqilei.  TPH  was  detected  at  a  oonoentiatioo  111  rag/kg  in  a  sediment  sample 
fimn  sampling  site  SC-6,  but  was  not  detected  in  surface  water  or  otho^  sedimoit  samples. 


Metals  such  as  aluminum  (14,300  to  17,300  n^/kg),  iron  (24,700  to  30,700 
mg/kg),  manganese  (390  to  1,300  mg/kg),  and  magnesium  (7,300  to  9,200  mg/kg)  were 
detected  in  sediment  samides.  The  highest  concentrations  oi  these  metals  were  detected 
downstream  at  SC-6,  and  generally  decreased  qistreaffl  to  SC-4.  In  water  samples  from  Ship 
Creek,  total  iron,  manganese,  and  magnesium  were  detected  at  concentrations  as  high  as 
0.21,  0.13,  and  3.3  mg/L,  reflectively.  No  dissolved  iron  was  detected.  Maximum 
dissolved  manganese  and  magnesium  concentrations  were  0.2  and  4.3  mg/L,  respectively. 


Small  amounts  than  120  mg/kg)  of  elements  such  as  barium,  chromium, 
cobalt,  copper,  nickel,  vanadium,  and  zinc  were  detected  in  sediment  samples  from  all 
locations.  Water  samples  ^m  all  locations  contained  dissolved  barium  at  concentrations  less 
than  0.02  mg/L.  No  total  barium  was  rqported. 

1,2,3.3  Review  of  Bioaiviroiaiiaital  Engfaaeering  Services  Group  Data 

As  part  of  the  site  reconnaissance  for  the  OU  3  field  effort  and  as  a  major  task 
fOT  the  Basewide  Backgrmmd  Sangtiing  Report  (CH2M  HILL,  1992a),  the  USAF  BESG  data 
were  reviewed  to  augment  the  background  infornutoon  for  OU  3.  The  BESG  at  Elmendorf 
AFB  routinely  collects  the  following  sam|rfes  for  diemical  analyses; 

•  Groundwater  from  Elmendorf  AFB  supply  wells  in  ctmipliance  with 
federal  and  state  drinking  water  r^ul^ons;  and 

•  Surface  water  samples  from  the  mtyor  streams  on  Elmendorf  AFB  to 
monitor  quality  of  water  entoing  and  leaving  the  base. 

The  samples  are  sent  to  the  USAF  Human  Systems  Division  (formerly  Occu¬ 
pational  and  Environmental  Health  Directorate),  Brooks  AFB,  Texas,  where  they  are  ana- 
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lyied  or  seat  to  contract  laboiatories  for  analysia.  Since  1987,  the  water  samples  generally 
have  been  tened  for  total  metals,  volatiks,  semivolatiks,  total  trihalomethanes,  oil  and 
grease,  total  organic  carbons,  total  hydrocarbons,  and  other  secondary  standard  water-quality 
tests. 


The  BESG  data  are  presented  in  summary  tables  in  Attachment  C  to  Appendix 
A  of  the  Basewide  Badcground  SampUng  Report  (CH2M  HILL,  1992a).  Quality  control  data 
were  not  available  for  the  sample  data  in  the  local  BESG  files.  BESG  personnel  indicated 
that  the  laboratmy  quality  control  data  (method  blanks,  duplicates,  surrogates,  and  spikes) 
are  not  routinely  transmitted  to  Elmendorf  AFB  from  Brooks  AFB.  L  i  dew  of  the  data  on 
file  at  BESG  also  did  not  identify  data  for  trip  blanks  or  insates,  and  only  one  field  duplicate 
was  identified.  Trip  blanks,  rinsates,  and  method  blanks  are  useful  in  identifying  false 
positives  in  fidd  data  caused  by  contamination  unrdated  to  the  field  samples.  Duplicates, 
^Hkes,  and  surrogates  arr  used  to  assess  data  precision  and  accuracy. 

Without  the  quality  control  data,  the  BESG  sample  data  are  probably  not 
suitsble  for  CERCLA  uses,  such  as  quantitative  risk  assessment,  which  requires  EPA 
Level  m  or  equivalent  data.  Howevo*,  the  data  can  be  used  as  a  historical  reference  for 
observed  contaminants. 

The  following  paragraphs  summarize  the  significant  findings  of  the  review  of 
the  BESG  data.  Occasionally  compounds  that  are  common  laboratory  contaminants  (acetone, 
mediylene  chloride,  chloroform,  and  phthalates)  woe  detected  at  low  levels;  however,  they 
are  not  discussed  in  the  following  paragnq)hs.  Also,  secondary  water  quality  tests  were 
diminated  from  die  review. 

Four  Elmendorf  AFB  supply  wdls  are  iqigradient  within  O.S  mile  of  the  OU  5 
study  area  and  are  monitored  for  water  quality.  Building  location,  aquifer,  and  collection 
period  for  the  samples  evaluated  are  indicated  in  parentheses.  The  wells  are  listed  by 
location,  pwogressing  from  west  to  east.  In  the  following  paragnqihs,  the  statement  "no 
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unusual  organic  compounds  detected"  means  that  no  organic  compounds  other  than 
occasional  hits  of  the  common  laboratory  contaminants  listed  above  were  d^ected  in  the 
samples.  The  statement  "no  unusual  inorganic  compounds  detected"  means  that  no  metals 
other  than  common  elements  such  as  iron,  sodium,  and  potassium  were  detected. 


Base  Well  16  (Building  32*189,  lower  aquifer,  July  1987  to  December 
1989):  no  unusual  inorganic  or  organic  compounds  detected; 

Base  Well  40  (Building  S-800,  lower  aquifer,  July  1987  to  March 
1991):  one  of  five  samj^  contained  lead  at  103  Mg/L;  no  unusual 
organic  compounds  detected; 

Base  Well  42  (Building  1 1-^)0,  lower  aquifer,  August  1987  to  Decem¬ 
ber  1989):  one  of  two  samples  contained  lead  at  8  no  unusual 
organic  compounds  detected;  and 

Base  Well  1  (Building  23*990,  upper  aquifer,  May  1987  to  July  1990): 
no  unusual  metals  d^ected;  3  of  1 1  samples  contained  ttichlorofluor- 
omethane  (2.1  to  10  /xg/L);  9  of  11  samples  contained  TCE  (1.0  to  3.2 
^g/L);  8  of  11  samples  contained  l,l,l*trichloroethane  (TCA)  (2.4  to 
8.4  ftg/Ly,  4  of  11  sample  contain^  1,1,2,2-tetrachloroethane  (3.2  to 
7  fig/L);  4  of  11  samples  contained  1,1-dichloroethane  (0.9  to  2.2 
Mg/L);  3  of  11  samples  contained  dichlorodifluoromethane  (0.7  to 
2.8  fig/Ly,  1  of  11  samples  contained  carbon  tetrachloride  (1.36  ng/L). 


The  1,1,1-TCA  in  Base  Well  1  increased  consistently  over  four  data  points 
from  May  1989  to  July  1990,  from  2.4  to  8.4  (ig/L.  As  a  result  of  the  contamination  found 
in  base  well  1,  the  water  is  no  longer  used  as  a  part  of  the  base  drinking  water  supply. 

Two  Elmoidorf  AFB  supply  wells  are  within  OU  5: 


Base  WcU  2  (Building  22-001,  lower  aquifer,  July  1987  to  March 

1991) :  1  of  2  samples  contained  lead  at  13  ng/L;  no  organics  detected 
in  1 1  samples;  and 

Base  Wdl  52  (Building  23*1(X),  lower  aquifer,  June  1986  to  March 

1992) :  no  unusual  metals  or  organics  detected. 
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In  addition  to  the  potable  water  wells,  BESG  collected  surface  water  from  the 
folhiwing  locations  of  interest  to  the  OU  S  study: 


Ship  Credt  I  (Fort  Richardson/Elmendorf  AFB  Boundary,  upstream  of 
OU  5,  March  1987  to  October  1991):  no  unusual  metals  detected;  2  of 
15  samples  detected  total  recoverable  oil  and  grease  (0.4  mg/L  each);  6 
of  10  samples  contained  total  organic  carbon  (1  to  3  mg/L); 

Ship  Creek  D  (Reeve  Boulevard  ovopass  near  the  fish  hatchery, 
whm  creek  exits  military  boundary,  March  1987  to  December  1991): 
no  unusual  metals  detected;  6  of  12  samples  contained  total  organic 
carbon  (1  to  3  mg/L);  and 

Post  Road  gate  runoff  (north  of  railroad  track  along  drainage  ditch, 
near  snow  diqrosal  area  in  OU  S,  April  1988  to  October  1991):  no 
unusual  metals  detected;  1  of  12  samples  contained  phenol  (630 
5  of  6  samples  contained  total  organic  carbon  (2  to  S  mg/L);  2  of  6 
samples  contained  1,1,1-TCA  (1.53  and  5.93  mS^L). 


1  J.3.4  Base  Wells  1,  2,  and  52  I 


In  additkm  to  BESG  data  on  Base  Wells  1,  2,  and  52;  Black  &  Veatch  (1990) 
sampled  the  three  wells  as  part  of  their  1988  investigation.  The  water  samples  were 
analyzed  for  the  following  parameters: 

•  Common  anions; 

•  Petroleum  hydrocarbons; 

•  ICP  screen  (total  and  dissolved); 

•  Arsenic  (total  and  dissolved); 

•  Lead  (total  and  disstrived); 

•  Mocury  (total  and  dissolved); 

•  Sdenium  (total  and  dissolved); 

•  Purgeable  halocatbons; 
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•  Purfeable  aromatics;  and 

•  Extractable  TYiority  pollutaots. 

The  samide  from  Base  Well  1  comained  1,1,1-TCA  at  3.4  /ig/1,  1,1-DCA  at 
0.79  |tg/l,  TCE  1.4  /ig/1,  1,1,2,2-tetrachlMoetiiane  at  0.83  fig/1,  and  total  petroleum 
hydrocarbons  at  3.0  mg/1.  Trace  metals  woe  also  detected  including  total  barium  (0.007 
mg/1),  magnesium  (5.4  mg/1),  manganese  (0.060  mg/1),  and  zinc  (0.01  mg/1). 

The  samjde  from  Base  Well  2  oontmned  no  organics.  Total  metals  from  Base 
Well  2  were  arsenic  (O.OOS  mgA),  barium  (0.013  mg/1),  coppo  (0.(X)9  mg/1),  magnesium 
(5.7  mgA),  and  manganese  (0.019  mgA). 

Two  duplicate  samples  were  collected  from  Base  Wdl  52.  Total  petroleum 
hydrocarbons  were  found  at  2.0  mgA  and  0.5  mgA  and  total  magnesium  at  6.7  mg/1. 

U4.5  Records  of  POL  Line  Inspections  and  Repairs 

Three  underground  pipelines  carry  fiiel  that  siqtports  the  operations  of 
Elmendotf  AFB  and  Fort  Richardson  (Figure  1-5).  One  8-iiKh  multiproduct  pipeline  origi¬ 
nates  at  the  Ptnt  of  Whittier,  sqrproximately  40  miles  south  of  Anchorage,  and  terminates  at 
the  Defense  Fuels  Sujqtly  Center  (DFSQ,  near  the  Fort  of  Anchorage.  The  multiproduct 
line  enten  Elmendorf  AFB  on  the  southeast  boundary  at  Muldoon  Road,  runs  along  the  south 
side  of  Oil  Well  Road  to  the  Federal  Aviation  Administration  (FAA)  frcility,  and  then  runs 
due  west  ditough  the  FAA  facility  and  the  ElmeiKlorf  AFB  golf  course.  At  Sources 
ST38/SS42  in  OU  5,  the  multiptoduct  pipeline  bends  and  runs  parallel  to  Bluff  Road,  a  4- 
inch  diesel  pipeline,  and  a  6-inch  JP-4  pipeline. 

The  diesel  and  JP-4  pipelines  originate  at  the  DFSC.  The  diesel  line  termi¬ 
nates  at  the  frcility  near  Tank  105  at  Sources  ST38/SS42.  A  ctmnecting  pipeline  also  allows 
diesel  to  be  routod,  if  necessary,  from  the  frcility  at  Sources  ST38/SS42  to  the  power  plant 
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alonife  tuk  at  BuUdiiig  22-017.  The  JP-4  pqidioe  continues  east  to  O  Street,  a^iere  it  bends 
to  the  nostt  to  siqiply  ftdlities  near  the  runway. 


Seveial  undeisround  feeder  Itnes  intersect  the  tfiesd  and  JP-4  p^elines.  Some 
a€  toese  toeder  lines  have  been  tdwndoned;  others  run  to  storage  tanks  to  simply  fuel  neces- 
saiy  for  die  ofwration  of  the  USAF  fodlides.  Table  1-1  describes  the  tanks  that  are  found  in 
ornearOUS.  fofonnatkn  on  die  tanks  was  compiled  from  base  maps,  tank  inventories 
nqqplied  by  the  USAF,  and  firnn  a  USAF  contractor,  U5KH  (1992).  Underground  fiiel 
storage  tanks  on  Bmendorf  AFB  are  currendy  being  evaluated  for  rqnir,  replacement,  or 
removal. 


Figure  1-5  shows  the  4-inch  dieael  pqwline  extending  to  abandoned  off-loading 
headers  near  the  ARRC  railroad  tracks.  The  abandoned  pipeline  allowed  railroad  cars  to  off¬ 
load  diesel  direedy  into  die  line.  This  secdon  of  the  pqwline  has  not  been  used  for  several 
years.  USAF  records  reviewed  did  not  confirm  whether  die  abandoned  pipdine  has  been 
drained  or  sdll  contains  fod. 

Eimendoif  AFB  is  enqitying  die  diesel  storage  at  the  DFSC  tank  Cum  and  will 
phase  out  use  of  the  4-inch  dieael  [ripdine.  A  tank  truck  will  ddiver  dieael  fod  to  the  base. 

A  12-indi  i^idine  carries  jet  fod  from  die  north  side  of  the  base  to  the  south 
jetway.  A  6-inch  pqidine,  wlndi  had  been  used  to  carry  JP-4  fod  from  die  DFSC  to  die 
soudi  jetway,  has  not  been  used  sinoe  June  1992  due  to  an  in-line  pump  problem.  The  6- 
indi  |»pdine  remains  foil  of  fod  and  is  available  to  tranqxitt  JP-4.  From  1975  to  1979,  dxis 
I^idine  tnmsported  aviation  gasdine  (avgas)  for  base  operations.  B  is  not  known  uiiat 
products  were  tranqxirted  throng  die  pipdine  before  1975.  Base  personnd  req>onsible  for 
maintaining  the  POL  i^ielines  have  noted  a  puridish  sheen,  indicative  of  aged  avgas,  in 
ponds  along  the  railroad  tracks  in  the  southern  portion  of  OU  5,  near  the  6-indi  and  12-inch 
pqidines. 
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Elraendorf  AFB  conducts  a  2-liour  hydrostatic  pieswre  test  on  the  JP-4  and 
diesd  lines  each  year  and  a  4-hour  test  every  5  years.  The  Liquid  Fuels  Office  of  Elmoidorf 
AFB  is  required  to  maintain  records  on  diese  PCX.  line  inqtections  only  fen-  the  last  S  years. 

A  review  of  the  records  in  July  1992  showed  files  from  1986  to  1992. 

In  July  1991,  a  4-hour  hydrostatic  test  was  conducted  on  the  6-inch  JP-4 
pipeline.  This  test  indicated  the  pipdine  was  strudurally  sound.  No  leaks  or  anomalies 
odier  dian  routine  maintenance  improvements  were  noted. 

Interviews  with  personnel  in  the  Liquid  Fuels  Office  indicated  a  leak  was 
detected  in  June  1982  in  the  JP-4  line  at  the  low-pmnt  water  drain  pit  west  of  Post  Road, 
between  Bluff  Road  and  Second  Street.  The  pit  is  labeled  on  Figure  1-S.  The  records  show 
that  a  fdlow-up  acoustic  pipeline  inspection  was  conducted  by  Advanced  Technology 
International  in  November  1986,  and  that  a  bredeen  ‘bleed  line”  was  discovered  to  be  plugged 
with  dirt  and  ice.  Acetmling  to  the  Liquid  Fuels  Office,  the  line  was  rqnired.  No  records 
were  on  file  to  indicate  when  the  break  was  rqnired. 

An  additional  unknown  quantity  of  avgas  was  lost  from  the  6-inch  pipeline  in 
the  mid-1970s  (approximately  1976)  at  Source  ST46.  Base  personnel  discovered  a  leak  in 
the  i^idine  near  Building  23-714,  adjacent  to  POL  abov^round  tanks  734  and  73S,  where 
the  pipeline  crossed  under  a  creek.  This  section  of  the  inpeline  was  replaced  with  an 
abov^round  section  over  the  creek.  In  1991,  a  line  leading  to  Building  23-714  was  also 
found  to  be  leaking.  The  fuel  was  recovered  and  the  line  rqxured.^ 

The  8-inch  multiproduct  pipeline  was  emptied  in  April  1990  as  a  result  of  a 
conosion  test  on  die  line  that  indicated  anomalies  in  die  {npeline  wall  thickness.  No  leaks  or 
^lills  were  rqmted  in  connectkxi  with  the  test.  The  DFSC  had  cmtractors  working  on  a 


^btfonniaiMi  on  tte  4-iiidi  dimi  pipdine  and  the  6-indi  JP-4  pqieliae  was  obtained  in  telephone  conversations 
wtt  Joe  Pnlfyanl,  USAF  Litpiid  Fu^  Office,  and  Clarence  Jadoon,  USAF  Fuels  Managnnent,  in  February 
1992. 
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sectioii  of  the  {Mpeline  near  Wluttier  during  1992.  A  small  aeOion  of  the  pipdine  in  the 
middle  of  die  driving  range  of  the  gdf  course  on  Elmeadorf  AFB  also  contained  anomalies 
in  pipe  wall  thickness  and  was  rqnired  in  eariy  qirii^  1992.  At  that  time,  a  hydrostatic 
presMue  was  conducted  on  the  (dpeline.  Pud  tnnqiort  opoadons  resumed  in  April 
1992.  While  the  multiproduct  {upeline  was  being  woriced  on,  JP-4  fuel  was  suf^lied  to 
Elmendorf  AFB  from  local  in-state  refineries.* 

According  to  personnel  at  the  DFSC,  there  has  never  been  a  confirmed  leak  in 
the  8-inch  multiproduct  line.  However,  on  May  28  and  29,  1986,  the  DFSC  was  called  out 
to  investigate  fuel  floating  on  puddles  found  in  natural  low  qx)ts  in  the  marshy  area  north  of 
the  golf  course  clubhouse  (Building  23-l(X)).  This  area  is  represented  by  Source  SSS3.  The 
8-inch  line  was  plugged  and  passed  a  24-hour  pressure  test.  Samples  of  the  fuel  were  taken 
and  determined  to  be  old  fuel  and  not  the  product  in  die  line.  DFSC  concluded  that  it  came 
from  an  old  leak  in  a  USAF  line  upgradient,  and  USAF  took  over  the  investigation."  The 
USAF  Fuel  Response  Team  contained  the  fiid  widi  4bs(Mbent  booms,  an  earth  berm,  and  a 
trendi  established  to  focus  fuel  runoff  by  lowering  the  water  table  with  vacuum  pumps. 

After  the  DFSC  multiproduct  pipeline  passed  the  i»essure  test,  the  USAF  tested  the  USAF 
fuel  line  three-eighths  of  a  mile  north  of  the  contaminated  area.  That  line  was  also  shown  to 
be  intact.  Initially,  650  gallons  of  fuel  and  walCT  mixture  were  vacuumed  off  the  area. 

An  attmnpt  was  made  to  establish  the  boundaries  of  the  golf  course  contam¬ 
ination  by  using  a  tractor-mounted  posthole  digger  amiable  of  digging  4-foot-deq>  holes.  A 
grid  was  established.  on  the  south  side  of  the  parking  area  near  Building  23-100  and 
in  a  grass  island  in  the  center  of  the  parking  lot  were  free  of  fod.  Twenty-six  holes  were 
put  in  a  marshy  area  north  of  the  clubhouse  parking  lot  where  the  contamination  was 
discovered.  Dqith  to  water  varied  from  6  inches  bdow  the  surface  to  greater  than  4  feet. 

*IalbniialioB  oa  the  8-iach  multiproduct  pipeUne  wm  otoined  m  tulephone  convenatioas  with  Jack  Appelloni, 
U.S.  GovenoBHU  contiactiiig  officer  for  DFSC;  Paul  Daatry,  Tecom,  Inc.,  contractor  for  DFSC;  and  Jack 
Watty,  DFSC  focilily  engineer  in  February  1992  nd  October  1992. 

"hfonnatioa  on  Ibe  golf  oourae  aeep  was  obtained  in  tdepboae  oonvermtiooa  widi  Jack  Walty,  facility  manager, 
and  A.  J.  Starling,  rogion  engineer,  of  DFSC  on  October  IS,  1992. 
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Four  hotel  m  the  immediate  aiea  oi  the  origiaal  comamination  had  fuel  on  top  of  the  water 
taUe. 


A  trench  was  eithWiihed  in  the  center  of  the  four  ‘positive”  holes.  A  small 
amount  of  fuel  was  skimmed  foom  the  surfooe  ci  the  standing  water.  A  culvert  with  slits  cut 
in  it  was  pteced  in  the  trench  to  act  as  an  accumulation  point  and  a  focus  for  continued 
skimming.  On  May  29,  1986,  t^tfXDxinutely  1000  gallons  of  fuel/water  mixture  were 
rmnoved  from  the  trenches.  Rqtorts  do  not  indicate  that  any  soil  was  removed  during  the 
cleam^  effort.  The  "n^ative”  holes  were  filled  in.  The  positive  hdes  were  treated  with 
absorbent  pads. 

Both  the  Army  and  the  USAF  ran  lab(Hat(M7  analyses  on  the  sampled  fuel. 

The  USAF  results  showed  a  nruxture  of  JP-4  and  diesel.  The  Army  laboratory  identified  the 
substance  as  "either  very  old  JP-4  or  a  JP-4/dieael  mix.”  The  USAF  concluded  that  the 
contamination  was  likely  the  result  of  residual  fuel  fiixn  historic  ^Is  surfocing  on  the  rising 
water  table.  The  water  table  had  risen  in  the  days  preceding  the  discovery  as  a  result  of 
snowmelt  at  higher  elevations  and  light  rain.” 

U  Report  Orginiatiwi 

The  organization  and  content  of  this  rqx>rt  are  described  below. 
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Seetten  1.0,  Introduction,  summarizes  the  scope  and  objectives  of  the 
RI.  Included  are  a  history  of  OU  5  sources,  a  summary  of  results  from 
previous  investigations,  and  other  relevant  background  information. 

Section  2.0,  investigatimi  and  Analysis  Procedures,  describes  the  RI  I 

activities,  including  field  investigations,  laboratory  analyses,  data 
validation,  and  data  nuuiagement.  Field  investigations  involved  site 
reconnaissance;  a  soil  gas  and  groundwater  screwing  survey;  a  water 


"InlbnMlioo  oa  the  USAF  oomatBUient  and  inveitigatioa  of  the  golf  course  seep  was  obtained  from  Master  Sgt. 
Brian  Saamd,  USAF,  3CES/DEVC,  aa  an  undated  'aeatotandum  for  the  record*  titled  ’Fuel  Spill 
(Undeegfonnd  Leak)  at  Golf  Course,  28-29  May  1986.* 
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lue  survey;  aquatic  and  tenestrial  ecological  surveys;  dvil  surv^ing; 

and  soils,  gro^wtter,  surface  water,  umI  sediment  sanqiling  activities.  > 

•  Section  3.0,  Physical  and  Eeoiegical  Charactertdks,  describes  the 
physical  and  ecological  featiues  of  OU  S,  iiKliiding  climate,  geotogy, 
soils,  hydrdogy  (groundwater  and  surfKe  water),  land  use,  water  use, 
and  aquatic  and  tenestrial  ecology.  It  is  based  on  data  obtained  from 
the  RI  and  information  contained  in  pievioua  rqxvts. 

•  Scctiim  4.0,  Nature  and  Eactad  of  Contamination,  presents  the 
results  ot  the  RI  environmental  sampling  and  analysis  program. 

Included  are  data  gathered  during  the  field  mvesdgatioa  on  foe  nature  ^ 

and  extent  of  contamination  in  snl  gas,  soils,  groundwater,  sequ, 
surface  water,  sediment,  aquatic  biota,  and  tenestrial  {dants  and 
animals. 

•  Sectkm  5.0,  Conceptual  Model,  {msents  an  overall  concqttual  model 
of  OU  3,  identifying  the  sources  of  contamination  when  possible, 
contaminant  characteristics  and  release  mechanisms,  and  environmental 
fne  and  tran^mrt  pathways.  The  concqitual  model  is  based  on  data 
obtained  from  the  RI,  previous  rq;>orts,  and  retevant  technical  litera¬ 
ture. 

•  Section  0.0,  Baseline  Risk  Aasessment,  jaresents  an  evaluation  of  foe 
threat  to  human  health  and  the  environment  as  a  result  of  the 
contamination  identified  at  OU  5.  The  evaluation  is  based  on  data 
obtained  from  foe  RI  and  is  consistent  with  the  concqytual  model 
presented  in  Section  3.0  and  current  EPA  guidance  on  baseline  risk 
assessments. 

•  Section  7.0,  Rcme^al  investigathm  Summary  and  Recommenda- 
tions,  summarizes  the  findings  of  Sections  2.0  through  6.0  including 
the  nature  and  extent  of  contamuiatioo,  ermtaminant  fote  and  tran^rt, 
and  foe  risk  assessment.  Results  of  additional  investigatioo  work,  i.e. , 
stream  gaging  study  and  snowmdt  pond  studies,  are  also  {vesented. 

Conhiminants  of  concon  are  identi^  and  recommendations  for  each 
area  of  OU  3  are  presented. 

•  Sectioa  8.0,  Remedial  Actkm  Objectives,  outlines  the  general  and 
qwdfic  objectives  for  OU  3  remediation.  Applicable  general  response 
actions  to  implement  these  objectives  are  presented.  The  FS  b^ins 
wifo  fois  section. 
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•  Sfffam  9.6,  and  Scrac^big  of  Todmologics, 

and  acieens  potential  remedial  techiKdogiea  and  process  options  that  can 
implement  tte  general  response  action  identified  in  Section  8.0. 

•  ScctioB  10.0,  Dcretopmeiit  and  Screening  of  Media-Specifk 
AttematiTcs,  assembles  applicable  {xocess  options  into  alternatives  that 
can  potentially  address  all  media  of  concern.  Each  alternative  is  then 
evaluated  apfdying  the  basic  CERCXA  criteria  of  effectiveness, 
implementability  and  cost. 

•  Section  11.6,  Detailed  Analysis  oi  Remedial  Action  Attonatives 
iwesents  a  more  comprdiensive  analysis  of  alternatives  that  passed  the 
screening,  applying  ^  nine  CERCXA  criteria.  A  sensitivity  analysis 
is  presented,  which  indicates  how  changes  in  assumptions  would  effect 
the  overall  analysis.  Finally,  the  alternatives  are  compared  using 
several  evaluation  critmia. 

•  Section  12.0,  References,  lists  all  refocnces  cited  in  the  RI/FS  report. 

•  Appendices  include  all  supporting  data  for  the  RI/FS  rqx>rt.  Included 
are  analytical  data  summary  sheets,  soil  boring  logs,  moniu^g  well 
boring  and  construction  logs,  slug  test  data,  soil  gas  and  groundwater 
screening  survey  data,  civil  surveying  data,  aquatic  survey  data, 
tmestrial  survey  data,  risk  assessment  calcul^ons,  potential  ARARs 
identification,  remedial  technology  descriptions,  and  cost  estimates. 
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INVESTIGATiQN  AND  ANALYSIS  FKOCEDCJRES 


Site  reconnaissance  of  OU  S  was  performed  during  May  and  June  1992  to 
meet  the  following  objectives: 


Locate  and  evaluate  the  condition  of  existing  monitoring  wells  in  the 
OU  5  source  areas; 

Look  for  seq>s  along  the  banks  and  bluffs  bdiow  the  OU  S  source 
areas; 

Map  areas  of  perennial  surface  water  and  locate  drainage  and  runoff 
locations; 

Prepare  for  mobilization  by  diecking  proposed  locations  for  trailers, 
parking,  staging  areas,  and  equipment  decontamination,  and  assess 
whedter  inoposed  locations  for  soil  gas  surveying,  drilling,  and  surface 
water  sampling  are  accessible  and  appropriate;  and 

Review  Elmendorf  AFB  BESG  analytical  data  for  surface  and  ground¬ 
water  sampling  stations  near  OU  5. 


The  reconnaissance  activities  are  discussed  in  the  following  sections. 

2.1.1.1  Wd  fiaqwctkm 

Sevorieen  groundwater  monitcmng  wells  existed  in  the  OU  5  study  area  prior 
to  the  RI  investigatioo.  These  wells  are  shown  on  Figure  1-4.  An  inflection  of  all  easting 
groundwater  monitoring  wdls  at  Elmendorf  AFB,  including  die  OU  S  wells,  was  performed 
by  CH2M  HILL  between  June  3  and  10,  1992,  as  part  of  the  basewide  background  sampling 
program.  The  conqdele  scope  and  findings  of  this  inflection  are  discussed  in  die  Basewide 
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Badigmoid  Sanipibig  Rqtort  (CH2M  HILL,  1992a),  and  findings  pertaining  to  OU  3  wells 
are  summarized  in  this  subsection. 

Observations  and  measurements  made  during  the  well  in^wctkm  included  the 

following: 

•  Evidence  of  frost  heave  around  Ae  well; 

•  Condition  of  well  cap; 

•  Height  of  the  well  casing  top; 

•  Int^ty  of  the  surface  seal/concrete  pad; 

•  Water  level; 

•  Presence  of  floating  light  nm-aqueous  phase  liquid  (LNAPL); 

•  Silt  content  in  wdl  (soft  versus  hard  bottom); 

•  Soumted  well  depth  versus  weU  completion  log  di^; 

•  Evidence  of  tampering  or  iriiysical  damage; 

•  Presence  and  condition  of  wdl  lock;  and 

•  Whedier  wdl  number  matehes  esdsting  wdl  idoitification  information. 

Table  2-1  summarizes  the  infornudion  collected  during  the  wdl  inspection. 
Copies  of  the  wdl  evaluation  forms  can  be  found  in  Appendix  E  of  the  Basewide  Background 
SampUng  Rqwrt  (CH2M  HILL,  1992a). 

All  existing  OU  3  wdls  are  con^ructed  of  2-inch-diaineter  Sdiedule  40  PVC 
screen  and  riser  casing  with  a  6-inch-diameter  square-  or  round-sted  protective  casing 
(except  well  NS3-06,  sriiidi  is  a  flush  mount).  Wdls  in  shallow  groundwater  table  areas 
near  Sh^  Credc  (SP4/11-01,  SP4/11-02,  GW-4A,  and  W-14)  generally  had  die  following 
deficiencies;  cracked  concrete  surface  closures  indicative  of  frost  heaving;  soft  bottoms  from 
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silt  ooUecting  in  ttie  wells;  and  in  die  case  of  wells  W-14  and  GW-4A,  PVC  tiaex  casing 
higher  than  the  lop  of  the  protective  steel  casing  caused  by  frost-jacking  of  die  wdls.  Three 
wells  in  the  worst  coodidon,  SP4/11-01,  GW-4A,  aiul  W-14,  were  rqiaiied  iniOT  to  sampling 
(inotecdve  casing  res^,  PVC  riser  pipe  trimmed  if  frost-jacked,  ami  concrete  pads  rqilaced). 

No  obstructions  diat  would  interfere  with  sampling  or  taking  water  level 
measurements  were  found  in  any  of  the  wells.  Water  levels  were  measured  in  all  well, 
excqit  SP2/6-04,  i^ch  was  dry.  No  floating  LNAPL  product  was  detected  in  any  of  the 
wdls.  Locks  woe  missing  cm  two  of  the  wdls  at  the  time  of  the  inflection.  All  locks  were 
rqilaced  with  keyed-alike  locks. 

It  is  noted  that  four  monitoring  wdls— W-14,  GW-4A,  NS3-03,  and 
OUSMWIO— were  observed  to  be  frozen  during  January  1993. 

2.1.1.2  Groundwater  Seeps 

The  topogrfdiy  at  OU  5  is  dominated  by  a  bluff  that  rises  apinoximately  30 
feet  above  the  beaver  ponds  at  the  eastern  aid  to  60  fed  above  the  railroad  tracks  at  the 
western  end.  Numerous  groundwater  seeps  exposed  along  the  bluff  flow  into  ponds, 
wetlands,  drainage  ditches,  and  eventually  into  Ship  Creek.  A  site  reconnaissance  was 
performed  on  May  14  and  IS,  1992,  to  mf)  seqis  along  the  bluff  areas  downgradient  of  the 
POL  {ripelines  and  to  nap  surface  water  and  drainage  pathways.  General  observations  of 
water  quality,  as  identified  by  odora,  sheens,  or  discoloration,  also  woe  noted  during  the 
reconnaissance.  No  sanqding  was  performed  at  this  time;  however,  shallow  groundwater  at 
the  seep  locations  was  analyzed  as  part  of  tiie  soil  gas  and  groundwater  screening  survey 
(Section  2.1.2).  Results  of  the  seep  area  sampling  are  discussed  in  Section  4.1. 

The  reconnaissance  bqan  at  tiie  western  end  of  OU  5  along  an  access  road  on 
tiie  nortii  side  of  the  ARRC  railroad  tracks.  Soutii  of  tiie  intersection  of  Hum  Avenue  and 
Bluff  Rond,  the  reconnaissance  continued  through  the  woods  on  the  bluff  hillside  until  a  pond 
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was  reached  near  Building  22-002,  the  pump  station  for  the  power  jdam’s  cooling  water. 

The  reconnaissance  continued  along  the  railroad  track  right-of-way,  ^i^uch  parallels  die  base 
of  die  Muff  to  the  west  of  Post  Road  and  Second  Street,  and  dien  follows  the  top  of  the  bluff 
above  the  beaver  poods  and  JP-4  storage  tanks  at  die  eastern  end  of  OU  5.  Seqis  and 
surface  water  locations  widi  questionable  water  quality  were  marked  in  die  field  by  a  piece  of 
pink  surveyor's  flagging  tiqie  labeled  with  a  surface  location  identification  number  (for 
exanqde,  SLOl).  Additional  surface  locaticms  were  mariced  during  die  ecological  surveys  to 
identity  areas  with  qiparent  plant  stress.  Approximate  locations  of  the  mariced  surfoce 
locations  are  shown  on  Figure  2-1  and  are  described  bdow. 

Several  aeqis  had  discemable  petroleum  odors  and  a  sheen  indicative  of  either 
petroleum  ccmtamination  or  biological  growth.  A  ted  inedpitate  or  biological  growth  was 
also  observed  in  many  of  the  seeps  and  drainage  pathways,  sometimes  as  a  fluffy  growth 
beneath  the  surface  of  the  water,  and  odier  times  as  a  stain  or  precipitate  on  the  sediments 
and  grasses.  Because  the  exact  nature  of  this  material  is  cunendy  unknown,  it  is  referred  to 
as  a  ted  discoloration  in  die  following  descriptions  of  die  seqi  areas.  Mapping  of  drainage 
pathways  was  followed  by  additional  site  teccmnaissance  and  dye-tracer  studies  and  is 
described  in  Section  2.1. 1.3,  Surface  Water  and  Drainage  Pathway  Mapping. 

Areas  Near  Source  ST37 


South  of  the  intersection  of  Plum  Avenue  and  Bluff  Road,  a  dirt  toad  leads 
down  the  bluff  to  an  access  toad  on  the  north  side  of  the  railroad  tracks.  The  reconnaissance 
was  started  sqiptoximately  225  foet  west  of  the  base  of  the  dirt  road  at  an  abov^round  sewm 
manhole  structure.  The  bluff  is  tqiproximately  60  feet  high  and  is  graded  at  tqiproximatdy  a 
1:1  slope.  Numerous  small  seqis  observed  along  the  toe  the  bluff  were  flowing  into  a 
drainage  ditch  on  the  north  side  of  the  access  toad  and  the  railroad  tracks. 

SLOl.  This  seqi  is  located  qqiroximately  30  feq  ftom  the  base  of  the  bluff  is 
qiproximately  100  feet  east  of  a  manhole  structure  cm  the  north  side  of  the  ARRC  access 
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RMd.  Tte  waier  looked  dev.  A  green  slime  growth  was  ohserved  about  halfway  iq>  the 
seq),  and  a  fldnt  petroleum  odor  was  noted.  Approximatdy  30  feet  east  of  this  atep,  a  small 
aeq>  with  a  sheen  and  red  disoolontion  was  observed  at  fee  base  of  the  bluff. 

Approrimatdy  7S  feet  east  of  SLOl,  a  aeq»  area  q)pR»dmatdy  36  feet  wide  was  observed. 
The  water  looked  clear  aivc!  no  odors  were  detected. 

On  fee  bluff  directly  across  from  the  COE  Building  (Building  21-700),  four 
prominent  seeps  (S1j02-SL0iS)  drain  into  a  ditdi  along  fee  noitheni  side  of  fee  railroad  tracks. 

in  fee  ditch  flows  in  a  westerly  direction  to  a  pi^  that  diverts  the  flow  soufe  under  fee 
lailrond  tracks. 


SL4I2.  This  seep  is  located  in  fee  norfewest  corner  of  the  intersection  of  fee 
dirt  road  leading  down  the  bluff  and  fee  ARRC  access  road.  The  seq>  is  approximately  25 
feet  in  diameter  and  has  areas  wife  a  sheen  and  red  discdoiatian. 

SL03.  This  aeq>  is  located  qiinoximately  20  feet  east  of  fee  dirt  road,  adja¬ 
cent  to  an  abandoned  yellow  car  on  fee  dirt  road.  The  seep  is  qipraximateiy  20  feet  wide 
and  had  a  sheen,  red  discoloration,  and  a  moderate  petroleum  odor. 

SUM.  Actually  a  group  of  seqts,  this  seep  area  lies  approximately  100  feet 
east  fee  dirt  toad,  qiproximatdy  150  feet  north  of  fee  railroad  tracks.  A  sheen,  petroleum 
odm,  and  red  discdoration  were  observed. 

SL05.  A  seep  and  an  approximately  40-fbol-diameter  pood  are  located  next  to 
mooitocing  well  SPl-01.  Strong  petrtdeum  odors,  slwens,  and  red  discoloraticn  were 
observed.  Two  ducks  were  seen  at  this  pood. 

SUM.  Approximately  100  feet  soutlwast  of  SUM,  this  seep  lies  at  the  north¬ 
ern  edge  of  a  marshy  area  that  is  connected  to  fee  drainage  ditch  along  fee  railroad  access 
toad.  A  sheen  and  red  discoknation  were  observed  over  an  area  approximately  10  feet  wide. 
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SLOT.  This  aecp  is  located  oo  the  bluff  below  monitofing  well  SPl-02.  The 
3eq>  is  ^ipradmatdy  30  feet  wide.  Miscellaneous  trash  has  been  discarded  around  die  seep. 
A  sheen,  petroteum  odw,  and  red  disctdocation  were  observed.  Approximately  60  feet  east 
of  this  seq>,  a  mailer  seqi  was  observed  with  fewer  areas  of  red  discoloration  and  dieens. 

Arens  Near  the  Ehnendorf  AFB  Power  Ffaurt 

Three  seeps  were  observed  on  the  bluff  south  of  the  power  |dant  (Building  22- 

004). 


SL08.  This  step  is  qiptoxiinatdy  S  feet  wide  and  lies  near  the  base  of  the 
bluff,  below  the  intersecdon  of  Persimmon  and  Bluff  Ibnds.  The  water  appeared  clear, 
widKMit  odor,  sheens,  or  disccdoration. 

SL09.  A  seep  identified  s^roximately  2(X)  feet  east  of  SLOS,  SL09  lies 
60  feet  north  of  the  railroad  tracks  and  below  the  intersection  of  Bluff  Road  and  die  dirt 
access  toad  leading  to  the  pump  station  (Building  22-002).  The  seep  area  is  approximately 
80  feet  wide.  A  strong  petroleum  odOT,  sheens,  and  red  discoloration  were  observed.  Three 
rusted  SS-gallon  drums,  visible  from  the  dirt  access  road,  ate  in  the  woods  approximately 
200  feet  east  of  SL09. 

SLIO.  This  seep  is  located  on  the  nordi  side  of  the  bend  in  the  dirt  access 
road  to  Building  22-002.  The  water  appeared  clear,  although  a  slight  petroleum  odor  was 
noted.  The  seqi  drained  from  a  culvert  under  the  access  road  to  the  drainage  ditch  on  the 
nordi  side  of  tfie  railroad  tracks. 

Several  ducks  and  geese  were  observed  (»  a  large  area  of  standing  water 
between  die  base  of  the  Muff  and  the  railroad  tracks  near  Building  22-002.  The  bluff  at  this 
location  is  a  snow  di^xisal  area. 
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Atcm  Nmr  Smncci  ST38/SS42 


Three  aeeps  were  obMTved  near  the  drainage  diidi  ncntfi  of  die  lailnMd  tracks 
and  aottth  of  nrenitoring  well  SP2/6-0S.  Flow  in  dus  ditch  is  toward  the  west. 

SLll.  This  seq>  is  located  aloi^  the  drainage  ditch  on  the  nordi  side  of  the 
tracks,  qipnndniaidy  12S  feet  southwest  of  SP2/6-(^.  An  area  of  this  seq>  along  die 
drainage  ditdi  was  covered  with  a  black  substance  ^iprQxiniatdy  3  feet  by  15  feet  in  size. 
The  drainage  ditch  also  had  a  red  disccdoiadon  and  a  petroleum  odor. 

S4I2.  Located  direcdy  bdow  well  SP2/6-QS  at  the  eastern  end  of  die  drain¬ 
age  dUdi,  this  seep  is  qiproximatdy  3  feet  wide  and  has  a  red  discolwation.  A  culvert 
passes  under  the  railroad  tracks  near  this  location,  diverting  flow  to  a  drainage  ditch  m  the 
WKth  side  of  Post  Road. 


SL13.  This  seep  area  is  a  ditch  between  a  culvert  and  the  Post  Road  ditch, 
qipraximately  125  feet  east  ci  the  Reeve  Boulevard  sign  on  die  ncntii  side  of  Post  Road.  A 
sheen,  petroleum  odor,  and  a  red  discoknation  were  observed  in  the  se^  area.  The  drainage 
ditdi  alor^  Post  Road  flows  toward  the  west  and  also  has  a  red  discoltnadon. 

SL14.  This  seqi,  qiproximately  100  feet  east  of  SL13,  maria  die  location  at 
whidi  the  red  discoloiation  first  rqipears  to  be  seqnng  into  die  drainage  ditdi. 

SL15.  This  aeqi  is  located  qpiKOXimately  200  feet  soudiwest  of  ^2/6-05, 
along  a  nordieim  qmr  of  the  raUtoad  tracks.  The  seq>  is  r^pradmately  40  feet  wide  and  has 
red  disodontion,  a  sheen,  and  a  petroleum  odor. 

Appioximaldy  100  feet  east  of  SL12  on  die  nordi  side  of  the  tracks,  anodier 
drainage  ditdi  bogins,  with  flow  toward  die  east. 
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SLM.  This  seq>  area  is  the  western  edge  of  this  eastward-flowing  drainage 
ditch  ud  has  a  red  diacolontioii  aitd  petrcdeum  odor.  This  ditch  flows  into  a  swan^ty  area 
that  is  iqiproxiinalely  100  feet  long  by  40  feet  wide  on  the  nortii  side  of  the  tracks.  The 
swampy  area  drains  into  a  iK»th-south  culvert  diat  under  the  railroad  tracks  and  under 
Post  Road  to  Sh4>  Creek.  The  water  in  this  drainage  ditch  appeared  to  be  clear. 

Anottier  drainage  ditch,  approximately  100  feet  long,  is  south  of  the  tracks  and 
flows  in  an  easleriy  direction  to  the  north-south  ditch. 


SL17.  This  seq)  area  is  the  western  end  oi  fee  ditdi  and  is  directly  below  a 
switch  on  fee  soufe  ade  of  the  railroad  tracks.  This  ditdi  had  red  discdoration  to  the 
point  where  it  joins  the  north-south  ditch;  after  this  pdnt,  fee  water  appears  dear. 


Areas  Near  Sooree  SS53 

The  area  west  of  Post  Road  and  Second  Street  indudes  wetlands  on  the  north 
^  of  fee  railroad  tracks  and  a  grassy/marshy  strip  between  Post  Road  and  south  side  of  the 
railroad  tracks. 

SL18.  This  seep  is  on  fee  southern  side  of  the  railroad  tracks  where  fee  multi¬ 
product  pqieline  crosses.  The  aeqi  is  qiproximatdy  40  feet  wide  and  drains  into  fee  marshy 
area  between  the  tracks  and  Post  Road.  Red  discoloration,  a  strong  petrdeum  odor,  and  a 
visible  sheen  were  noticed. 

On  fee  north  side  of  the  tracks  is  a  marshy/wetland  area  feat  extends  east  to 
aiiere  fee  railroad  tracks  ooss  Post  Road. 

SL19.  This  surfeoe  location  marks  fee  western  end  of  fee  marshy  area  whore 
an  odor  ud  red  diactfexation  were  observed.  The  location  is  next  to  a  culvert  that  conveys 
flow  fttxn  fee  marshy  area  under  fee  tracks  and  Post  Road  to  Shqi  Creek. 
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SLU.  lldi  nufine  locatioa  lies  on  the  eastern  end  of  the  wet,  gaaay  area 
between  die  lailiiood  tiacks  and  Post  Road.  The  water  kxdced  dear,  and  no  odor  or  sheen 
was  observed.  A  red  disodoration  stain  was  observed  on  dte  grass  on  the  south  bank  of  the 
railioad  tracks. 

Areas  Near  Sonroes  SlMO/STdd.  The  area  south  of  the  railroad  tracks  and 
north  of  a  dirt  access  road  along  Ship  Ctedc  is  a  wedand/beaver  pond  area. 

SL21.  This  seq>  lies  at  the  edge  of  the  wetland  area  along  the  south  bank  of 
the  railroad  track  aai  is  iqiproxifnaldy  40  feet  east  of  the  b^inning  of  the  curve  in  the 
railroad  tracks.  The  seqt  has  ted  disoolMation  and  a  sheen  iqiptoximatdy  20  feet  wide.  No 
odors  were  observed. 


» 


» 


» 


SL22.  This  seq>  is  located  at  the  edge  of  the  wetland  area  along  fee  southern 
bank  of  the  railroad  tracks  and  is  s^iproxinuuely  500  feet  east  of  SL21.  The  seq>  is  approxi- 
matdy  10  feet  wide  and  was  observed  to  have  ted  discoloration,  a  sheen,  and  a  slight 
petrrdeum  odor. 

SL23.  This  seqt  is  located  at  fee  norfeeast  corner  of  the  beaver  pond, 
qiprosdinalely  SO  feet  aoufe  of  fee  railroad  tracks  and  350  feet  east  of  SL22.  The  seq>  has 
red  diaocdotation,  a  sheen,  and  a  petroleum  odor.  The  northern  edge  of  fee  beaver  pond 
between  and  SL23  has  numerous  seq»  wife  red  discoknation  feat  were  not  individually 
cataloged. 


Obaervatloai  at  Addtioiial  SurCace  Locathma 

During  OU  5  fidd  studies,  surfece  locations  and  aeq>  areas  wme  identified 
vfeere  obaervdions  were  being  documented.  Most  of  those  observations  were  rdated  to  the 
oocnrwnce  oi  apparent  ]dant  stress  (desoibed  in  Sections  2.1.8.1  and  4.6.1),  afeidi  occurred 
in  a  nunfeer  of  areas  ferm^hout  OU  5. 
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SL24.  Tlua  aeq>  is  loaned  idjout  haliwey  between  Ibe  JP-4  Aid  tanks  and  the 
benver  pood.  During  the  Jime  lenestthd  ecological  survey,  oil  diD{dcts  were  seen  suiftcing 
in  the  small  stream  ttiat  flows  westward  from  the  vidnity  of  Source  ST46  into  the  large 
beaver  pond. 


9LZ5.  This  location  is  at  die  eastern  edge  of  a  large  wetlsmd  at  the  foot  of  die 
bluff  nocdi  oi  the  Post  Road  gate.  Stressed  vegetation  was  observed  in  the  wetland  extending 
westward  from  dds  location. 

SLK.  This  location  is  in  the  same  wetland  as  SL2S.  It  includes  the  area 
where  a  grass-covered  peninsula  (composed  of  materials  ^iparendy  dumped  over  the  bluff) 
extends  into  the  wetland  from  the  north.  Stressed  v^etatkm  was  observed  in  the  wetland. 


SL27.  This  location  is  qiproxiniately  in  the  center  of  the  same  large  wetland 
as  SL25  and  SL26.  It  marks  the  transition  area  between  stressed  vegetatum  to  the  east  and 
less  qiparent  effects  to  the  west. 

SL2g.  Plant  stress  was  observed  in  this  wet  area,  triikh  lies  between  the 
snow  duposal  site  and  Building  22-002.  Red  diacdoration  in  die  water  and  sediment  was 
observed  in  some  parts  the  area. 

SL29.  Stressed  v^etatkm  also  was  observed  in  two  beaver  pond  areas  east  of 
die  JP-4  fbd  tanks  m  Source  ST46.  The  beaver  pmd  area  between  the  railroad  tracks  and  a 
gravd  rood  to  die  south  was  identified  as  SL29,  but  similar  effects  were  observed  in  a 
nearby  wedand  sooth  of  die  gravel  road. 

fflJO.  Water  draining  from  the  vicinity  of  SLIS  flows  akx^  a  small  stream 
dwt  enters  a  beaver  pood  sooth  of  die  snow  diqxMal  area.  Aldwogh  diis  area  (marked  as 
SL3())  had  small  trees  and  shrulM  with  ydlowiA  or  brown  leaves,  die  effects  speared  to  be 
doe  to  water  logging  (fiooding)  caused  by  beaver  activity. 
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SL31.  Slicaaed  vcfetatkm  was  oNerved  in  die  open  area  cast  of  Post  Road, 
about  halfway  between  the  laihoed  tracks  and  the  golf  course  clubhouse.  This  teep  area  is 
near  Source  SSS3. 

SL32.  This  location  is  near  the  western  end  of  the  extensive  wetland  comidex 
between  Post  Road  ud  Source  SD40.  A  diott  distance  east  of  SL31,  stressed  v^etation  was 
observed  in  a  wooded  area  within  Source  SS33. 

2.1.1,3  SurfMe  Water  and  Drainage  FMhway  Mapping 

SurfiKe  water  drainage  pattenu  of  OU  S  runoff  were  investigated  during  fieki 
reconnaissance  surveys  in  May  and  Sqnembg  1992.  For  the  most  part,  sur&oe  water 
drainage  ftom  OU  5  flows  from  east  to  west.  Drainage  from  die  OU  S  bluff  source  areas 
travels  through  ponds,  seasonal  wetlands,  open  drainage  ditdies,  and  buried  storm-water 
drains  (culverts),  until  die  runoff  eventually  reaches  Ship  Creek  and  fkiws  west  into  Knik 
Arm.  Draiiuge  pathways  identified  during  the  field  surveys  ate  presented  on  Figure  2-2. 

To  map  die  flow  patterns  of  surfiKe  water  runoff  widiin  the  buried  storm¬ 
water  culverts,  drawings  of  the  storm-water  drainage  system  were  obtained  from  the 
ARRC.*  Additionally,  a  dye-tracer  study  (using  Rotamine  WT  red  dye)  was  conducted  to 
verify  su^iected  disdiatge  routes  of  OU  5  runoff.  As  indicated  on  Figure  2-2,  aldiough 
OU  5  runoff  is  widespread  and  ctrikcts  in  numerous  wedand  ponds  and  drainage  ditches  at 
the  base  of  die  bluff,  the  OU  5  drainage  to  Shfy  Ctedc  occurs  as  point-source  diadiarges 
rather  than  sheet  runoff. 

The  golf  course  beaver  pood  receives  potentially  contaminated  groundwater 
disdiaiie  from  one  or  more  seeps  (SL23)  at  its  northeast  peiiineter,  and  ftom  a  drainage 
diannd  north  of  the  JP-4  fbd  storage  tMks  Clhnks  734  and  735),  adiich  enters  die  southeast 
comer  of  die  beaver  pood.  Both  water  sources  were  observed  to  have  a  hydrocarbon  odor 


*TIm  ■twSina  iini  ntifrinl  in  a  siiiiSim  with  Robert  Caeey,  aa  ARRC  enployee,  on  Juae  3.  1992. 


AmousRMunwMt 


2-14 


5 


I 


and  alien  in  May  and  Sqnember  1992.  Diadnrfe  from  die  pond  oocura  at  two  areas  along 
its  aooth  and  west  pcaimeters  where  the  water  leaks  over  the  top  of  a  beaver  dam.  The  dis- 
chaige  tzavdls  through  wetlands  as  it  moves  downgiadient  to  ndiere  it  drains  into  Ship  Creek 
at  two  points  of  discharge. 

As  deiMcted  on  Figure  2-2,  surface  water  runoff  from  the  OU  5  bluff  is 
contained  widiin  the  wedand  ponds  and  drainage  ditch  betwen  the  base  of  the  bluff  and  the 
ARRC  tracks.  Three  points  of  discharge  that  drain  these  areas  to  Ship  Creek  were  observed: 


Betwen  Salmon  Run  Park  and  the  Elmendocf  AFB  fish  hatchery,  a 
culvert  passes  south  under  the  ARRC  tracks  and  Post  Road  to  Ship 
Creek.  This  culvert  drains  the  wetlands  bdow  Sources  ST38/SS42. 

Downgradknt  of  the  Elmendorf  AFB  power  plant  and  betwen  Sources 
ST37  and  ST38,  OU  S  bluff  runoff  and  numerous  seeps  collect  in 
wetland  ponds  betwen  die  base  of  the  bluff  and  die  ARRC  tracks. 

The  dye-tracn  study  indicated  that  the  runoff  discharges  to  Ship  Creek 
from  a  culvert  at  the  end  of  Yakutat  Street. 

At  the  western  bmindary  of  OU  5,  a  storm-water  intercqitor  was 
observed  collecting  the  runoff  from  the  OU  5  bluff  below  Source  ST37 
and  other  numerous  seeps.  A  dye-tracer  study  was  conducted  to  locate 
the  ultimate  discharge  point  of  the  runoff.  As  indicated  on  Figure  2-2, 
the  OU  3  runoff  was  found  to  flow  west  for  1720  feet  to  the  eastern 
edge  of  the  ARRC  power  jdant,  turn  sooth  for  about  1500  feet,  and 
surface  into  an  opn  drainage  <titch  at  die  junction  of  Post  Rood  and 
Whitney  Road.  From  this  point,  the  discharge  flowed  along  the  thickly 
vegetated  open  drainage  ditch  to  die  southwest,  following  an  ARRC 
track  ^[Nir.  At  the  ARRC  trestle  at  Shqi  Creek,  die  drainage  ditch 
turns  west  and  enten  a  broad  wetland  pond  area  sqiarated  from  Ship 
Creek  by  a  narrow  berm.  The  wetland  esqpands  and  deqiens  into  a 
pood  abwt  3  feet  deqi,  caused  by  beaver  dam-building  activity  along 
die  west  end.  The  pond  was  observed  to  discharge  to  Ship  Creek  at 
two|daoes.  One  is  a  diadiarge  channd  between  die  woody  debris  piles 
of  a  beaver  lodge;  the  other  is  a  discharge  diannd  qiproaimatdy  25 
feet  to  die  soudiwest  During  two  days  of  die  Sqitember  1992  field 
survey,  a  portion  of  the  beaver  dam  was  observed  to  have  otdlsQised, 
inobably  from  heavy  overnight  rains.  The  colUyise  of  the  dam  lowered 
the  pond  by  qipraximately  12  to  18  inches. 
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A  nanow  chumd  (qipraxunafidy  10  feet  wide)  joins  the  beaver  pond/wedand 
oomplex  and  anodier  pond  to  the  north  that  has  no  outlet  other  than  at  the  beaver  dams. 
Based  on  its  shape  ttid  contours  (peater  than  8  feet  deq>),  the  pond  iqipeais  to  be  a  pit  that 
may  have  been  excavated  as  a  gravel  bwrow  area.  As  i^guie  2-2  indicates,  some  of  the 
runoff  from  the  ARRC  property  is  {ricked  up  in  the  sunm-water  drainage  system  to  the  west 
of  the  ARRC  power  {riant  (aq»iate  from  OU  5)  and  conveyed  to  this  leceiving-waler  pit. 
The  balanoe  of  die  ARRC  property  drainage  ippears  to  disdiatge  bdow  the  Ship  Creek  dam 
through  an  oU/water  sqMuator. 

The  wedand  and  beaver  pond  dqricted  on  Figure  2-2  is  the  ferthest  down¬ 
stream  terminus  or  sink  fia  OU  5  runoff  before  it  discharges  to  Ship  Credc.  Baaed  on  the 
Sqitember  1992  observations  of  draiiupe  pathways  from  OU  S  to  Ship  Creek,  it  ^ipears  that 
the  wedand/beaver  pood  system  receives  nearly  all  its  water  from  bluff  runoff  entering  the 
storm-water  intereqitor/drainage  system  between  sam{rie  station  SW/SE09  and  the  ARRC 
power  {riant,  1720  feet  to  the  west.  Baaed  on  observations  of  the  ground  contours  of  the 
berm  aqnrating  the  creek  from  the  wedand,  it  iq^iean  that,  during  ipring  and  early  summor, 
high  runoff  flows  in  Ship  Creek  overflow  the  low  areas  of  die  berm  and  rqileniah  die 
wedand/beaver  pood  system. 

2.1.1.4  Tnapection  of  Suppwt  Area  and  Sam{riing  Locationa 


Locations  for  Add  sipport  feciUties,  such  as  a  fidd  office  trailer,  equipment 
storage  area,  decontamination  pad,  and  oontract(»r  {larking  area,  were  coordinated  with  USAF 
and  Jacobs  Engineering  Ghoop,  Bic.,  another  contractor  working  on  Elmendorf  AFB 
CERCLA  sites.  It  was  decided  that  die  support  fedlities  would  be  located  in  an  open  field 
east  of  Building  22-<^.  PotaUe  water  for  decontamination  activities  was  available  from  a 
fire  hydrant  at  dds  site.  The  fire  hydrant  watm  was  sanqried  for  metals,  vtriatiles,  and 
senrivoiatife  organics  in  Aiqpist  1992  by  Jacobs  Engineering;  no  contaminants  were  detected. 
The  results  of  dds  aanqriing  are  presented  in  Ap{iendix  A.  Wastewater  fiom  decontamination 
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ud  wdH  devdepnent  and  sanqding  activities  was  passed  dirough  a  gianular  activated  caibon 
unit  and  diachaiged  to  a  sanitary  sewer  manbote. 
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Proposed  drilling,  monitming  wdl  installation,  soil  gas  samfriing,  and  surface 
water  and  sediment  &am{riing  areas  were  evaluated  during  the  site  reconnaissance  activities  to 
determine  the  ^ifHopriateness  and  accessibility  of  sdected  locations.  Final  locations  for 
wells  and  borings  were  determined  during  a  meeting  with  EPA,  ADEC,  and  USAF  on  July 
31,  1992,  and  in  iidlow-up  discussions. 

2.U  SoQ  Gas  and  Groundwater  Screening 

The  soil  gas  and  groundwater  screening  mrvey  was  used  to  collect  screening- 
level  Ha«a  on  the  extent  of  organic  contamination  in  soil  and  groundwater,  and  to  guide  the 
jtiacement  of  sdl  borings  and  monitoring  wells  for  tiie  R1  field  investigation.  Soil  gas 
sanities  were  collected  in  areas  where  the  dq>th  to  groundwater  exceeded  the  maximum 
penetratkm  dqKh  of  the  soil  gas  probes  (generally  6  feet),  induding  all  sample  locations 
above  the  bluff  and  isolated  locations  below  the  bluff.  Seq>  sanq>les  were  collected  alcmg  tiie 
lower  bluff  from  areas  where  active  groundwater  xcps  were  identified.  Groundwater 
samples  were  collected  in  areas  where  groundwater  was  within  iq>pioximately  6  feet  of  the 
ground  surface. 

Sample  locations  were  selected  to  expand  the  areas  covered  in  previous 
investigations  around  known  source  areas,  evaluate  the  pipdine  corridor  between  the  known 
source  areas,  evaluate  groundwater  seqM  along  the  lower  bluff,  and  evaluate  shallow  ground- 
water  along  Post  Road,  Ship  Creek,  and  the  golf  course  beaver  pond  areas.  Figure  2-3 
shows  die  sanq>le  locations  used  for  the  survey. 

Fcdlowing  compl^on  of  the  sampling,  23  of  the  groundwater  probes  were  left 
in  the  ground  as  tonporary  piezometers  to  provide  additional  groundwater  devation  data. 
Water  levels  were  measured  in  the  probes  at  the  same  time  as  monitoring  well  water  level 
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■wiroimati  were  ttfoen,  aad  ttie  data  were  inoocpocated  into  the  fioiiiMlwater  ooatour  maps 

of  te  Ae.  ) 

2.1^1  Sofl  Gm  Srenplhig  Firoeednres 


Soil  fu  sampling  probes  consisted  of  7-  and  14-lbot  lengths  of  three- 
qiHuter-in-diameter  iMlkw  sted  p^  The  probes  wme  fitted  with  detadmble  drive  tips  and 
hydnulicaUy  puriied  or  pounded  to  dqiths  of  4  to  13  feet  bdow  grade.  The  mqority 
of  die  samples  were  ooUecled  at  6  feet  below  grade.  No  sanqrie  was  cdlected  at  SG39  or 
SG79  because  of  refusal  encountered  during  the  three  attenqits. 

The  abov^round  end  o(  each  probe  was  fitted  with  an  aluminum  reducer 
(manUbld)  and  a  kngdi  of  pdyethykne  tubing  leading  to  a  vacuum  pump.  Soil  gas  was 
pulled  by  die  vacuum  punqi  into  the  probe.  Samides  were  collected  in  a  glass  syringe  by 
inserting  a  syringe  needle  throui^  a  silicone  nfeber  s^ment  in  die  evacuation  line  and  down 
into  the  sled  probe.  The  vacuum  was  monitored  by  a  vacuum  gage  in  order  to  maintain  an 
adequate  gas  flow  from  die  vadoae  rone.  The  volume  of  air  within  die  probe  was  purged  by 
evacuating  2  to  5  probe  volumes  of  gas. 

Groundwater  and  Seep  SarnfAng  nrocednres 

Sampling  probes  consisted  of  7-foot  lengttis  of  3/4-inch-dianieter  hollow  sted 
pipe.  Groundwater  sanqiles  were  odlected  at  dqKhs  of  qipioKiniatdy  2  to  6  feet  bdow 
grade. 
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The  hdlow  probes  with  detachable  drive  points  were  advanced  below  die 
water  table.  Once  at  the  desired  depdi,  die  probes  were  wididrawn  several  inches  to  permit 
water  to  flow  into  the  resulting  hde.  The  aboveground  end  of  the  samiding  probe  was  fitted 
widi  a  vacuum  adaptor  (metd  reducer)  and  a  length  of  polyethylene  tubing  leading  to  a 
vacuum  pump.  A  vacuum  of  up  to  20  in  mercury  was  qqdied  to  die  interirar  of  the 
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for  3  to  30  minutes  or  until  witer  was  dnwn  up  the  probe.  The  water  accumulated  in 
lie  was  removed  by  vacuum  through  a  0.25-indi  ptdyethylene  tube  inserted  into  the 
to  the  bottom  of  the  hde.  The  tubing  was  used  only  once  and  was  discarded  to  avr^ 
contamination. 

Groundwater  samfries  were  cdlected  in  40  mL  volatile  organic  analysis  (VGA) 
vials  dut  were  filled  with  i^iproximately  20  mL  of  san^.  The  vials  were  shaken  vigor¬ 
ously  and  a  sanqde  of  the  headspace  from  the  container  was  injected  into  foe  gas 
chromatograph  (GC). 

Head^Mce  analysis  was  used,  rather  than  direct  injection  of  the  water  sample 
into  the  GC,  to  reduce  the  chance  of  semivolatile  and  mmvolatile  organics  contaminating  foe 
system.  Dqtending  on  the  partitiooiog  coefficient  of  a  given  conqxMind,  the  GC  may  be 
more  sensitive  to  head^Mce  analysis  than  to  direct  injectitMi  analysis. 

2.1^3  Analytical  Parameters 

Soil  gas  and  groundwater  samples  woe  analyzed  by  using  screening  techniques 
(EPA  Level  D)  for  foe  following  compounds: 

•  trans-l,2-I>ichloroefoene; 

•  cis-l,2-I>ichl(Hoefoene; 

•  l,l,l-Trichl(nDefoane; 

•  Ttidilotoediene; 

•  Tetrachloroefoene; 

•  BTEX  conqxNinds;  and 

•  Tofol  vdatile  hydrocarbons  (TVHCs)  C4«  and  TVHC  Ci»x> 
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Sanqdes  were  analyred  generally  widiin  15  minutes  of  collection  using  a  CK: 
installed  in  tfie  subcontractor’s  van.  The  GC  was  calibrated  daily  by  using  a  singte-point 
calilnation  for  each  of  die  measured  constituents.  Twenty  milliliters  of  a  known  standard 
was  {riaced  in  a  40-mL  vial,  and  the  vial  was  reseated  and  shaken  vigorously  for  30  seconds. 
An  analysis  of  the  headqwce  in  the  vial  determined  the  leqxmse  factor  (RF),  which  was  thoi 
used  to  estimate  the  concentrations  in  groundwater  samples.  An  inrtependent  gaseous 
standard  was  not  analyred  to  calibrate  soil  gas  sam^des.  Therefore,  the  soil  gas  sample 
concentrations  cannot  be  quantitated  because  the  standard  headspace  concentration  was 
unknown. 
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Based  on  a  taw  data  review,  a  reporting  limit  of  0.5  /tg/L  was  selected  as 
appropriate  for  chlorinated  solvents  in  groundwater  samples,  below  which  the  results  are  i 

suspected  to  be  false  positives  resulting  from  instrument  noise  or  laboratory  contamination. 

For  BTEX  compounds  in  groundwater,  a  rqwrting  limit  of  10  /tg/L  was  setected  because 

flame  ionization  detectors  such  as  the  one  used  fcv  this  project  to  quantify  results  are 

relatively  insensitive  to  concentrations  below  10  The  TVHCs  €4^9  were  quantified  by 

int^radng  the  peaks  for  compounds  containing  four  carbrm  atoms  through  o*xylene.  The 

TVHCs  C10.1  quantification  b^an  after  o-xylene,  and  the  enr^xnnts  varied  with  the  sample 

run  times.  The  TVHC  results  should  be  considered  estimates  of  fuel  contamination  because  1 

quantitations  were  based  on  estimates  of  both  retention  times  and  response  facton  for  fuel 

hydrocarbons.  For  sdl  gas  analyses,  indqwndent  gaseous  standards  to  quantify  the  head- 

spaoe  concentrations  were  not  analyred  by  the  subcontractor,  dierefore,  the  soil  gas  results  ^ 

are  designated  as  "unittess.” 

2.1^  Water  Uw  Survey 

> 

To  determine  the  potential  off-base  recq)ton  of  groundwater  contaminants, 
active  water-siqiidy  wdls  off  base  and  downgradient  of  OU  5  were  identified  by  two 
methods;  a  water  use  survey  of  current  property  tenants  and  conqwter  seardies  of  databases  ^ 

maintained  by  the  U.S.  Getdogical  Survey  (USGS),  Wats  Resource  Division,  1209  Orca 
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Street,  Andjorage,  Atada;  and  by  the  Alaaica  State  Diviaoa  of  Water  and  Hydrcdcfic 
Surveys,  Department  Natural  Resources  (DNR),  Eagle  Rivw,  Almka. 

The  off-base  {woperty  south  of  OU  S  and  nordi  of  Ship  Creek  along  Post  Road 
and  the  railroad  is  owned  by  die  ARRC,  which  actpiiied  the  property  from  the  U.S. 
Department  of  ‘Dmuportation  in  1986.  Currently,  several  businesses  lease  die  land  from  the 
ARRC.  A  list  of  tenants  and  addresses  was  obtained  from  the  ARRC.  The  tenants  were 
mailed  the  water  use  survey  presented  in  Attadiment  AS  of  the  Rdd  Sampling  nan  (FSF)  of 
the  OU  S  Msnegemenr  Moh.  If  a  tenant  did  not  reqiond  to  the  mail  survey,  a  fidlow-up 
phone  call  or  visit  was  attempted. 

The  water  use  survey  requested  the  following  informadon: 

•  Well  oonstruction  details,  such  as  installation  date,  dqith,  screened 
interval,  punqi  type,  and  casing  type; 

•  Water  usage; 

•  Physical  problems  or  damage  to  die  wdl; 

•  Water  quality;  and 

•  Treatment  systems. 

The  ftdlowing  questions  were  included  in  the  survey  to  siqiport  the  human 
h^ith  risk  ■T— 
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•  How  many  people  wotk/teside  at  the  survey  kKatkm? 

•  Are  diere  aiqr  children  under  10  or  adults  over  70  at  die  surv^  loca¬ 
tion?  If  so,  how  many  in  each  cat^ory? 

The  survey  focused  on  those  wdls  used  as  potable  water  sources  that  are  most 
likely  to  be  affected  by  c^-base  migration  of  OU  5-reiated  contaminants.  One  on-base  and 
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wtter  sources  were  samptal  in  Aufust  1992  for 


2.1.4 


Thig  section  describes  the  ssmpling  program  and  ptoce<tares  used  id  coUect 
and  analyse  soil  amides  during  the  RI  field  investigation.  Sampling  locatioos  are  shown  on 
Figure  2-4.  The  sampling  pragnm  included  foe  ooUeetioo  of  soil  aanqries  from  the  surfoce, 
foe  imsatuiated  zone,  and  foe  saturated  zone.  Chemical  analyses  of  aanqdes  were  conducted 
by  CH2M  HILL'S  environmental  laboratory  in  Redding,  California,  and  foe  close  supfxxt 
(48  hours  turnaround  time)  laboratwy  (CSL)  in  Corvallis,  Or^on. 

Detailed  descrqttions  of  the  proposed  RI  field  activities  and  data  analysis  were 
included  in  foe  OU  S  Management  Plan,  foe  FSP,  and  foe  Quality  Assurance  Project  Plan 
(QAPP)  (CH2M  HILL,  1992).  The  Management  IHan  and  the  procedures  described  in  the 
FSP  and  QAPP  were  developed  with  foe  intent  of  augmenting  previous  woric  performed  at 
foe  site.  The  FSP  sanqding  qiprosch  was  designed  to  provide  data  to  assess  the  general 
extent  and  possible  source  areas  of  die  contamination. 


Soil  sanqding  was  conducted  within  OU  S  to  define  die  extent  of  soil 
contmination  around  source  areas  and  to  diaracterize  soil  types.  Soil  smpling  activities 
were  focused  on  areas  sriiere  soil  and/or  groundwater  contamination  was  known  or  suqiected 
to  be  present  based  on  the  results  of  the  stnl  gas  investigation  (see  Section  2.1.2).  Areas 
upgradient  of  OU  S  source  areu  were  sanqded  in  addition  to  areas  suqiected  of  being 
contaminated.  Sanities  were  analyzed  for  BTEX,  halogenated  volatile  organics,  gasoline 
hydrocarbons,  diesd/IP-4  hydrocarbons,  metals,  and  semivrdatile  organics,  hi  addition, 
selecled  soil  samides  were  analyzed  for  pfayriod  patamelers,  including  grain-size  distribution, 
Ikpnd  plastic  limits,  and  total  organic  carbon. 
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die  loil  boring  inveadgriiofi,  the  ftdlowing  measures  were  ffcen  to 
miniimee  the  poasibiHty  of  drilling  into  buried  utility  lines  or  underground  inpes: 


Excavation  or  drilling  permits  woe  obtained  from  all  qipropriate  utility 
services,  including  tdqihooe,  dectiic,  natural  gas.  water,  sewer, 
steam,  communications,  and  military  petroleum  AkI  lines; 

All  proposed  boring  locatioos  were  either  checked  against  an  as-built 
mq)  by  representatives  of  each  utility  service  or  were  field-located 
before  drilling  b^an; 

Underground  utilities  off  base  were  located  by  appropriate  civilian 
utility  rqnesentatives;  and 

The  ARRC  was  contacted  bef<»e  drilling  began  on  its  property. 


2.1.4.1 


Bwclude  Drilling 


Borehtries  were  drilled  to  dq)ths  ranging  from  7.3  to  79.5  feet  using  truck- 
mounted  and  track-mounted  hdlow-stem  auger  drilling  rigs  equqiped  with  4.25-inch-inner- 
diameler  (ID)  augers.  No  ml,  grease,  mr  other  diread  conquMinds  were  used  on  augers  or 
tods  entering  the  bordide. 

During  drilling,  standard  penetration  tests  and  ^lit-barrd  sanq>ling  were 
perfimned  firilowing  procedures  described  in  American  Society  for  Testing  Materials 
(ASTM)  D1386-84.  A  total  of  four  deq>  borings  were  advanced  to  the  Bootlegger  Cfove 
Formation,  wife  continuous  split-barrel  samiding  to  log  tiie  soil  stratigrqfey  and  verify  the 
dqife  cf  the  Bootii^ger  Cove  Fonnution.  Other  borings  were  sanqded  at  5-foot  intervals  and 
advanced  only  to  tiie  top  of  the  water  table,  unless  the  boring  was  to  be  compteted 

as  a  moniloting  wdl. 


Soil  sanqdes  were  cdlected  from  31  soil  boring  locations.  Sandies  were 
coBecled  wife  either  a  standard  2-iiidi-ootaide-diameter  (OD)  qdit-banci  sanqder  driven  by  a 
IdO^ioond  hammer,  or  a  3-indi-OD  sanqrier  driven  by  a  300-poond  hammer.  Eadi  soil 
sample  was  classified  by  tiie  fidd  getfeigist  fidlowing  the  "Standard  Procedures  for  Logging 
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of  Soil  Borings”  (CH2M  HILL,  1991).  Ssnqdes  for  chemical  analysis  were  collected  at 
r^ular,  predetermined  intervals  in  the  boring  (10-,  20-,  and  30-foot  dqiths)  and  at  the 
groundwater/unsaturated  zone  interim.  To  analyze  for  sinking  contaminants,  an  additional 
soil  sample  was  ctdlected  from  the  bottom  of  each  boring  diat  extended  into  die  Bootl^er 
Cove  Formation.  Samides  for  chmnkal  analysis  were  collected  using  decontaminated  split- 
barrel  sanqden.  Decontamination  procedures  for  sampling  equipment  are  listed  in 
Section  2.I.4.2. 

Sarafdes  for  vcdatiles  analysis  woe  collected  from  ^lit-barrel  samplera  in  a 
manner  minimizing  aeration  and  the  subsequent  loss  of  volatiles.  For  health  and  safety 
reasons  a  pholoionization  detecttv  (FID)  was  used  to  check  volatile  concentrations  at  both 
ends  of  the  ^t-barrd  sampler  before  it  was  opened.  The  qilit-band  sampler  was  opened 
and  the  contents  quicldy  ^t  into  the  two  barrel  halves.  Samples  for  volatile  analysis  were 
immediately  collected  by  taking  small,  rqnesentadve  amounts  of  sample  material  from  the 
middle  of  the  soil  column  along  the  entire  loigth  of  the  barrel,  minus  any  slough  or 
unrepresentative  material  at  the  top  of  the  sampler.  A  decontaminated  stainless  steel  spoon 
was  used  to  transfer  die  sample  to  a  sterilized  jar.  The  jars  were  filled  to  allow  as  litde 
headtqnoe  as  possible.  Small  rqmsentadve  amounts  of  sample  material  were  collected  in  a 
plastic  bag  and  sealed  for  headspace  analysis.  The  mnaining  sample  material  (minus  any 
skni^  or  unrepresentative  material)  was  placed  in  a  decontaminated  stainless  steel  bowl  and 
mixed  until  homogeneous  using  a  decontaminated  stainless  steel  qxxMi.  Sanqtle  jars  were 
then  filled  widi  the  homogeneous  sample  material.  Samjding  equipment  was  decontaminated 
between  sanqdes  fidlowing  the  decontamination  procedures  given  in  Section  2. 1.4.2. 
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2.1.4J1  Drfontamlnatkm  Ftrocedurei 


All  non-di^wsable,  multqde-use  samjding  equqmient  was  decontaminated 
fdlowing  the  procedures  listed  below: 

•  Wash  widi  alconox  or  liquinox  detergent; 
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•  Siaae  with  potiUe  water, 

•  Rinae  witii  deionized  watv; 

•  Let  air  dry;  and 

•  Wiqt  in  clean  aluminum  foil  (shiny  side  out). 


# 
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Soil  sanqdcs  cdkcted  for  fkkl  classification  or  other  non-dhmnkal  analyses 
were  collected  with  eifoer  decontaminated  a|riit*barrel  sanqders  or  aanq)lers  rinsed  only  with 
pothUe  water. 


2.1.4J  ClBiBifleathmorSoib 

Soil  sanqiles  cdkcted  at  each  interval  were  classified  by  the  field  gecdogist 
following  die  "Standard  Procedures  fiv  Logging  of  Soil  Borings”  (012M  HILL,  1991). 
ndd  classification  data  were  recorded  direcdy  into  a  CH2M  HILL  soil  boring  log  or 
recorded  in  a  bound,  weadieriiroof  logbordc  and  transferred  to  a  soil  boring  log  at  a  later 
titne.  The  boring  log  contains  the  following  technical  informaticm,  when  rqiplicable,  for  each 
soil  boring: 


•  Sarrqde  numbers  and  types; 

•  Sanqile  depths; 

•  Blow  counts; 

•  Sarrqde  reoovery/samide  interval; 

•  Soil  density  or  cohesiveness; 

•  Soilcrdor; 

•  United  Soils  (Haasification  System  (tJSCS)  material  descrqidon  and 
syndKd; 
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•  Fidd  fedogist’s  name  and  (faded  signttire;  and 

•  Pngect  nuadwr. 

Each  aoil  boring  log  included  depths  of  changes  in  lithcdogy,  sanqde  mcMsture 
obsenndions,  dqidi  to  water,  FID  readings,  drilling  metfiods,  total  dqnh  of  eadi  bocdude, 
and  my  other  pertinent  observations.  Soil  boring  for  bordwles  oonqdeled  as  part  of  diis 
project  are  presented  in  Appendix  B. 

Samples  were  screened  by  the  field  gecdogist  for  vdatile  organic  conqKMinds 
using  a  FID.  Headspace  analysis  was  performed  on  aoil  samides  sealed  in  jdastic  bags. 

After  at  least  IS  minutes  had  passed  from  the  time  the  sample  was  collected,  die  probe  end 
of  a  HD  was  inserted  through  the  sealed  plastic  bag.  The  stabilired  concentration  of 
vtdatiles  ttien  was  read  directly  from  the  FID.  Stabilized  FID  readings  were  recorded  on  soil 
boring  logs  at  die  specific  samide  interval  from  whidi  the  sanqdes  were  c(dlected.  The 
results  of  the  headpiece  analysis  are  intended  to  be  used  only  to  evaluate  tdadve  differences 
in  vedatile  contaminants  between  dqidi  in  a  particular  bordude  or  between  bordudes. 
HeadigMoe  results  are  not  intended  to  rqdace  fadxnatory  analysis  for  vcdadles  and  are  not 
directly  comparable  widi  laboratory  results. 

Laboratory  analyses  for  soil  classification  were  performed  on  several  landcmily 
selected  sanqdes  of  observed  soil  types  to  confirm  die  fidd  dassificatioo  of  soils. 
Gassification  of  soils  (ASThf  D2487-8S)  is  a  standardized  interpretation  (rf  results  from  the 
liquid  and  plastic  limits  and  grain-size  distribution  tests.  Total  organic  carbon  analysis  was 
also  performed  on  dieae  selected  sanqdes. 

2.1,4,4  Cempktloa  of  Borings 


Boeings  were  oonqdeled  by  ddier  backfilling  die  bordude  from  the  end  of  die 
boring  to  die  sialhoe  using  a  cement-bentonite  grout  or  by  installing  a  groundwater  mon- 
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iloriaf  well.  Wdl  wntaHeHon  is  diicuiied  in  Section  2.1.3.2,  Monitoring  Weil  fnetellerion. 
Ftir  bedcfilling  boreholei,  grout  was  mixed  as  fitilows: 

•  PottiUe  water  i»s  added  to  a  100-gallon  galvmiued  tnn^; 

•  A  hydraulic  mixer  wu  jdaced  in  the  water  and  turned  to  csttWirii  a 
sheiuting  action  in  the  trough; 

•  One  94^K)und  sack  of  Portland  T^pe  1-2  cement  and  4.5  pounds  oi 
pure,  powdered  bentonite  were  added  for  every  7  gallons  (rf  water,  and 

•  The  grout  was  mixed  until  homogeneous  to  the  satisftcrion  the  fieid 
gedogist  or  hydrogeologist 

The  grout  mixture  then  was  pumped  tiirough  a  tiemie  pipe  to  fill  the  boring 
from  the  bottom  to  ground  surfiMe.  Additional  grout  was  added  to  the  bordude  as  augen 
were  withdnwn  and  the  odumn  of  grout  dropped.  Grout  was  allowed  to  cure  for  at  least 
4  hours,  and  additional  grout  was  added  as  needed  to  bring  the  boring  to  ground  level.  A 
summary  of  soil  boring  data  is  presented  in  Table  2-2. 

2.1.4,5  Sample  Handling 

All  sanqde  oontainen,  with  the  excqttion  of  the  badspace  sanqde,  were 
immediatdy  jdaoed  in  coders  containing  double-bagged  ice.  The  sam|des  were  later 
transferred  to  a  shqiping  coder  packed  wife  dod>le-bagged  ke,  bobble  wiq>,  and  vcrmiculite 
to  protect  the  samples  during  shipping.  The  diain-of-custody  procedures  described  in  the 
OU  5  Management  Han  (CH2M  HILL,  1992d)  were  fdlowed  throughout  die  handling  and 
rit^pii^  of  the  aaaqdes. 


2.1AA 


of  lovcstigatfoii-Dertvcd  Wades 


hivestigation-deiived  wastes  (IDWs)  generated  during  fidd  activities  induded 
soil  boring  (thilO  cdlings,  equ^ment  decontamination  washwater,  personal  protective 
doddng,  ud  monitaiii^  wdl  devdopment  and  purge  water. 
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Table  2-2 

Soil  Boriag  Summary 


iMiiwiai 

HaaNr 

VMASlMiib  . 

9m. 

CWtasMI 

'  7M4I 

AMlrwi  . 

IfWOl 

4S.0 

1 

s 

5.0  -  7.0 

10.0  •  1X0 

15.0  •  17.0 
25.0  •  27.0 
35.0  -  37.0 

13  Aiis92 

Mwoe 

4S.0 

t 

3 

10.0  •  1X0 
25.0  •  27.0 
3X5  •  34.5 

23  Aiw92 

I4W09 

4S.0 

4 

3 

10.0  •  1X0 
25.0  -  27.0 
30.0  -  3X0 

17  Aug  92 

MWD4 

4S.0 

4 

3 

10.0  •  12.0 
25.0-27.0 
30.0  -  3X0 

14  Aug  92 

IIWQS 

3t.O 

7 

2 

10.0  -  1X0 
25.0  -  27.0 

24  Aug  92 

IfWW 

44.0 

4 

3 

27  Aug  92 

lfWQ7 

S0.0 

4 

3 

10.0  -  12.0 
25.0  -  27.0 
35.0  -  37.0 

26  Aug  92 

IfWM 

20.0 

4 

2 

11  Aug  92 

UW09 

9.0 

2 

1 

X5-4.5 

lOAuf  92 

mssm 

9.0 

2 

1 

5.0  -  7.0 

10  Aug  92 

MWU 

S2.0 

4 

3 

bob 
•  1  1 

b  b  b 

21  Aug  92 

UWU 

10.0 

4 

1 

7.5  -  9.5 

25Aa«92 

lfW13 

7.5 

2 

1 

2.5 -4.5 

14Ai«92 

lfW14 

12.0 

3 

1 

7.5  -  9.5 

13  Aug  92 

IfWlS 

12.0 

3 

1 

7.5  -  9.5 

7  Aug  92 

20.0 

3 

1 

10.0-1X0 

6Aiif  92 
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Table  2-2 
(Continiied) 


ijMioeifli 

'  CMhclKi'. 

hmigm§ 

nan 

;  bamM 

MWIOA 

13.0 

0 

0 

NA 

26  Aug  92 

lfW17 

15.0 

4 

1 

9.0  •  11.0 

12  Aug  92 

sell 

37.0 

S 

3 

10.0-12.0 
25.0  -  27.0 
35.0  -  37.0 

12  A«g92 

SB19 

52.5 

20 

5 

0.0  -  2.0 

10  Aug  92 

10.0  •  12.0 
2S.0  •  27.0 
3t.0-40.0 
52.0  -  54.0 

12.0  •  14.0 
25.0  -  27.0 
35.0  -  37.0 

10.0  -  12.0 
25.0  •  27.0 


11  Ai«92 


6  Ad(92 


12  Auf  92 

13  Aug  92 
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TaUe2-2 

(Coitfiniied) 


Drill  cuttings  were  stored  in  SS-galloo  steel  dnims.  The  drums  were  clearly 
marlted  on  both  the  lid  and  the  side  with  the  boring  ktentifkation  number,  bordutie  dqith, 
date,  headspace  analysis  results,  and  drum  contents.  Cuttings  from  different  borings  were 
idaoed  in  sqiante  drums. 

The  analytical  results  (EPA  Method  8010,  801S,  and  8020  analyses)  for  soil 
sanqries  from  eadi  boring  were  reviewed  to  determine  if  analytes  exceeded  any  of  the 
hazardous  waste  criteria  under  40  CFR  261(C).  No  Method  8010  analytes  were  detected  in 
any  soil  saoqde.  Smne  samples  contained  petrdeum-rdated  contaminants  (Method  8015  and 
8020  analytes);  however,  benzene  concentrations  (up  to  20  ftg/lcg)  were  well  bdow  the  levels 
that  would  constitute  a  hazardotis  waste  under  40  CFR  261(C).  All  soil  cuttings  were  nnoved 
to  the  on-site  Hmendorf  AFB  landfill.  Soils  from  bnings  with  any  detectable  levels  of 
petrdeum  concentrations  were  stodqnled  in  a  banned  and  lined  area  within  the  landfill.  The 
USAF  plana  to  treat  these  soils  using  bicMnemediation  at  a  later  date.  Soils  from  borings  witii 
no  detectable  levels  of  contaminants  were  placed  at  an  unlined  location  within  the  landfill. 

Wastewater  fiom  equipment  decontamination  and  nKmitoring  well  develq)ment 
and  purging  was  containerized  in  properly  labeled  5S-gallon  drums  and  was  staged  at  the  end 
of  eadi  day  next  to  die  decontamination  pad.  The  wastewater  was  then  pumped  through  an 
activated  carbon  unit  and,  with  the  permission  of  Elmendorf  AFB  and  tiie  Monidpality  of 
Andiotage  (MOA)^,  was  discharged  to  a  sanitary  sewer  manhde.  Effluent  from  the 
activated  carbon  unit  was  sanqded  qiproximately  halfway  and  near  tiie  end  of  the  fidd 
investigation  program,  and  was  analyzed  for  Method  8010,  8015,  and  8020  analytes.  No 
ocganks  were  detected  in  the  efifiuent,  indicating  that  breakthrou^  of  the  activated  carbon 
unit  did  not  occur. 


^PMadiMa  dooawalM  m  kttm  torn  Cotaad  Bwntt  L.  Mabry,  baw  civO  angiaaar,  dalad  Mqr  15,  1992, 
■d  from  Itek  Sfmo,  tedoalrial  Pwtwiatnwt  Plogiaa  ooordiaaior,  Aachomee  Walar  ad  Waatewater  Utility, 
Airf  ir«y  r,  tow,  fa—  A.  li— «i«. 
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Penooal  pratective  clothing  (gloves,  overtwots,  and  tyvec  wits)  were 
considered  nonhaaaidous  becuise  hazardous  contamination  was  not  found  in  the  ami  cuttings. 
The  clothing  was  diaiwsed  of  in  dumpsten  at  Hmendorf  AFB. 

2.1,5  Groniadwater  biTestigatkm 

2.1.5.1  Monitoring  WeU  Site  Selection  Rntimiale 

Nineteen  groundwater  monitoring  wdls  were  installed  as  part  of  diis 
investigation.  Mboitming  well  locations  were  selected  to  confirm  contamination  identified 
by  the  soil  gas  surv^,  to  jmivide  groundwater  data  source  in  areas  of  known  or  suspected 
leaks,  and  to  sanqde  groundwater  directly  iqtgradient  and  downgradient  of  OU  S.  The  well 
placements  were  intended  to  augment  the  existing  well  networiq  wherever  possible,  existing 
monitoring  wdls  were  sanqtled  to  provide  the  required  data.  When  placing  wells, 
consideration  was  also  given  to  die  need  to  construct  reliable  water  table  nuqis  for  the  OU  5 
area.  AU  the  monitoring  wells  were  completed  rixive  the  Booth^^ger  Cove  Formation. 

Six  of  the  monitoring  wells,  MWOl  diroogh  MW06,  were  installed  nordi  of 
OU  5  source  areas.  These  locatioos  were  sdected  to  provide  informadon  on  die  quality  of 
the  groundwater  migrating  fimn  upgiadient  areas  located  nordi  to  northeast  of  OU  5. 
Monitoring  wdls  MW07  and  MW08  were  installed  nordieast  to  east  of  OU  5  source  areas  to 
interoqit  iqigiadient  groundwater  flowing  fimn  areas  east  of  OU  5.  Well  MW08  is  also 
located  soudi  of  the  JP'4  p^tdine  and  several  fuel  storage  tanks;  dqiending  on  die 
groundwater  flow  direction,  diis  wdl  may  also  detect  fiid  products  that  may  have  leaked 
from  die  i^pdine  or  the  storage  tanks.  Wdl  MWll  was  jdaced  next  to  a  waste  paint  tank 
located  iqigiadient  of  Sources  ST38/SS42. 

All  other  wdls  were  intended  to  provide  data  from  areas  near  or  downgradient 
fiom  suspected  OU  5  source  areas.  WeUs  MW09,  MWIO,  MW30  and  MW31  were  installed 
near  Sh^  Credt  aoudi  of  Post  Road  to  interoqit  suspected  hydrocarbon  plumes  from  Sources 
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SD40,  ST46,  and  SSS3.  Wdls  MWll  through  MW17  woe  spaced  at  apperaimaldy  equal 
distances  aloag  Post  Road  to  intetoqd  {dumes  that  may  be  migiating  toward  Shq)  Creek  from 
Sources  ST37,  ST38  or  SS42.  To  the  extent  possible,  these  wells  were  located  upgradient 
from  areas  outside  die  scope  of  the  OU  3  investigation,  sudi  as  die  railroad  yard  and  the 
industrial  area  along  Post  Road. 


2.1.5.2  Monitoring  WeD  Instaliatton 


Nfonitoring  well  construction  diagrams  for  shallow  and  deep  wells  are  shown 
on  Figures  2-S  and  2*6.  Monitoring  wdl  casings  and  screens  were  constructed  of  2-inch-ID, 
Schedule  40,  flush-direaded  PVC.  The  fidd  hydrogedogist  determined  the  lengdi  of  die  well 
screen  based  on  the  obsoved  thickness  of  the  water  table,  dqpdi  to  the  water  table,  and  dqidi 
to  the  Bood^ger  Cove  Ftmnation.  Well  screens  for  cmnpleted  wdls  were  between  3  and  IS 
feet  long.  Whenever  possible,  wells  were  constructed  with  the  wdl  screen  extending  into 
bodi  the  water-saturated  formation  and  the  overlying  unsaturated  sml.  This  design  allows  the 
sanqding  of  LNAPL  contaminants,  such  as  petroleum  products  and  solvents,  that  tend  to 
float  on  the  groundwater  surface  and  may  not  be  csqitured  if  only  the  saturated  formation 
were  screened. 

Shallow  wdls  MW09  and  MW13  were  screened  bdow  the  top  of  the  water 
table  because  the  groundwater  dqith  was  too  shallow  to  screen  above  and  bdow  die  water 
table  and  to  install  a  sufficient  surfeoe  seal  on  die  wdl  (see  Figure  2-3).  Screen  slot  size  and 
corresponding  sand-filter  pack  gradation  were  selected  based  on  fidd  observations  of  soil 
types.  A  wdl  screen  slot  size  of  10-slot  (0.010  indi)  and  sand  filter  pack  gradation  of  16-40 
Colorado  Silka  Sand  Inc.  (CSSQ  were  used  for  all  monitoring  wdls  to  gain  consistency  in 
die  hydraulie  responses  of  the  monitoting  wdls. 

Stainless  sled  centraluen  were  installed  on  only  one  wdl,  MWOl.  The  use 
centralizers  caused  probtems  with  die  sand  padc  installation  and  measurement  during  the 
constmctian  of  dds  wdl.  A  fidd  duuige  request  was  written  recommendiiig  that  the  use  of 
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AJfiCh  OiHMitf  SiMl 
Prolpetiva  Pnalno 
wMh  Locking  Cap 

Qround  Surface 

3*  X  3*  X  6*  Concreto  Pad 


Hydrated  Bentonite  Chipa 


S-Incti  Oiaineter  Borehole 


16 -40  Colorado  S«ca 
SandFMerPack  — 


NOT  TO  SCALE 


2-Inch  PVC  Sip  C^ 
wMh  1/8-Inch  Vent  Hole 


Hydrated  BentonNe  Chipe 


2-Inch  Dtauneler,  Schedule  40, 
Fhjeh-Threeded,  PVC  Wei  Caaing 
(with  ‘O*  Ring  Seala) 


2-Inch  Oiaineter,  Schedule  40, 
Ruah-Thieaded,  PVC  Wei  Screen, 
0.010-Inch  Factory  Cut  Slols 


2-inch  Diametar,  Fhiah-Thieaded 
PVC  End  Plug 


NOTE;  General  conatructionuaed  for  waia 
MW09,  MW10,  MW12,  MW13,  MW14,  MW15,  »mi6A,  MW30,  &  MW31 


Figure!^.  GaBcraUnd Shallow MoBltoiiagWrilCroMSectioii, 
EloMBdorf  AFB,  Anchorage,  Alaska 
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die  oattnlizen  be  discontinued.  In  nibsequent  wdl  installations,  the  4.2S-indi-ID  augen 
acted  as  a  guide  to  hdd  die  2-incli-ID  PVC  well  assendily  in  |dace  during  construction.  The 
FVC  wdl  assenddy  was  suspended  from  above  to  h^  keq>  die  well  {dumb  within  the  bote- 
hcde  until  die  sand  filter  pack  and  grout  seal  could  be  installed. 

The  sand  filter  pack  was  installed  by  slowly  pouting  16-40  CSSI  in  die  annular 
qwce  between  the  auger  and  die  PVC  wdl  screen.  Xfduurements  to  monitor  die  filter  pack 
{daoement  were  taken,  at  a  minimum,  after  each  S-gallon  bucket  of  sand  was  added.  After 
the  sand  filter  pack  was  in  place,  3/8-inch  bentonite  diips  were  added  to  the  ^ace  between 
die  auger  and  the  wdl  screen  to  a  duckness  of  approximatdy  2  feet.  Potable  wafer  was 
added  slowly  to  hydrate  the  bentonite  chips,  which  woe  allowed  to  swdl  for  at  least 
20  minutes.  The  cement/bentonite  grout  seal  was  pumped  through  a  trmnie  pq*  into  the  area 
between  the  auger  and  the  PVC  well  screen,  using  a  pun^  mounted  on  the  drill  rig.  The 
tremie  was  lowered  to  approximafely  5  feet  above  the  top  of  die  bentonite  seal  before 
punqnng  b^an,  and  was  withdrawn  as  die  bordiole  was  filled  with  grout  from  the  bottom. 
Cement/bentonife  grout  was  added  to  the  borehole  as  die  auger  was  withdrawn.  When  the 
auger  was  removed  from  the  bordiole,  the  grout  was  brought  up  to  aiqnoximatdy  2  feet 
below  ground  surfece.  Hydrated  bentonite  chqis  were  added  to  die  remaining  2  feet, 
providing  a  waferti^t  seal  between  the  protective  sted  casing  and  upper  PVC  well  caring  the 
seal  will  not  adhere  to  die  PVC  when  the  overiying  concrete  pad  is  diylaced  by  frost  heave. 
A  6-in-diameter  steel  protective  casing  widi  a  locking  c^  was  placed  over  die  PVC  wdl 
assemUy  and  driven  into  the  hydrated  bentonite  diips.  A  3-foot-by-3-foot-by-O.S-fbot 
concrete  pad  was  then  installed  around  die  protective  sted  casing  to  hold  it  in  place  and 
protect  die  surfece  aed.  Protective  sted  bollards  set  in  concrete  were  installed  around 
monitoring  wells  located  near  roadways  or  parking  areas. 

Wdl  construction  details  were  reccnded  by  die  fidd  hydrogedogist  in  a  bound 
field  logbodc  and  on  CH2M  HILL  wdl  construction  forms.  As-built  diagrams  of  all  wdls 
are  presented  in  ^ipendix  C.  A  summary  of  monitoring  wdl  data  is  presented  in  Table  2-3. 
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Table  2-3 


Monitoring  WeO  Summary 


M 

IfWOl 

4S.0 

30.0  -  45.0 

27.0  -  45.0 

35.0/13  Aat  92 

IfWOZ 

4S.0 

25.0  -  40.0 

23.0  -  45.0 

31.23  Aas  92 

IfWOS 

4S.0 

25.0  -  40.0 

23.0  -  45.0 

31.5/17  Aag  92 

liWM 

43.0 

23.0  -  38.0 

21.0  -  45.0 

30.6/18  Aog  92 

IfWOS 

38.0 

18.0  -  33.0 

16.0  -  38.0 

24.0/24  Aag  92 

MW06 

48.0 

28.0-43.0 

26.0  -  48.0 

34.7/27  Aag  92 

MWO? 

S0.0 

30.0  -  45.0 

26.0  -  50.0 

35.5/26  Aag  92 

MWM 

20.0 

10.0-20.0 

9.0  -  20.0 

14.3/11  Aag  92 

MW09 

8.0 

3.0  -  8.0 

2.0  -  9.0 

1.7/10  Aag  92 

MWIO 

8.0 

3.0  -  8.0 

2.0  -  9.0 

2.1/10  Aag  92 

Mwn 

S0.0 

30.0  -  45.0 

28.0  -  52.0 

36.5/21  Aag  92 

MW12 

10.0 

5.0  - 10.0 

3.0-10.0 

7.5/25  Aag  92 

MW13 

7.5 

2.5  -  7.5 

2.0  -  7.5 

1.4/14  Aag  92 

MW14 

12.0 

7.0  - 12.0 

5.0  -  12.0 

MWIS 

1^0 

7.0  - 12.0 

5.0  -  12.0 

9.5/7  Aag  92 

MW16A* 

12.S 

7.5  -  12.5 

5.5  -  13.0 

10.0/25  Ai«  92 

MW17 

13.0 

8.0  - 13.0 

7.0  -  15.0 

9.5/12  Aag  92 

MW30 

7.5 

2.5 -7.5 

2.4  -  10.0 

4.5/11  Aag  92 

MW31 

7.5 

2.5 -7.5 

2.0  -  9.0 

3.5/20  Ai«  92 
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One  wen,  MW16,  did  not  yield  sufficient  groundwater  for  devdofMnent  and 
samplinf .  Wett  MW16  was  idiandoned  by  removing  the  well  sateen  and  casing  and  back¬ 
filling  foe  bofing  with  cement/bentonite  grout.  An  alternate  weU,  MW16A,  was  instaltod 
near  MW16  and  yidded  enough  groundwater  to  be  {voperiy  developed  and  sanqried. 

2.1^  J  hfoidtoring  Wdl  Devdopment 

New  monitoring  wdls  were  "devdoped”  (purged  repeatedly)  before  samiding, 
using  a  combination  of  surging  and  bailing  or  pumping  to  remove  fines  from  foe  borefade, 
enhance  wdl  yield,  and  provide  turbidity-free  samides.  The  first  stqp  in  devdoping  foese 
wdls  was  to  measure  foe  static  water  levd  and  total  dqtfo  of  foe  well.  The  water  vdume 
required  for  purging  a  wdl  vdume  then  was  calculated  from  foese  data.  The  wdls  were 
surged  over  the  screened  interval  by  manually  raising  and  lowering  a  surge  block  in  foe  wdl. 
This  stq)  was  fidlowed  by  other  bailing,  using  a  decontaminated  stainless  sted  bailer,  ot 
punqdng,  mdng  a  decontaminated  submersible  pump.  The  bailing  and  punqdng  were  done 
throughout  the  screened  interval  to  remove  the  fuws  pulled  into  foe  wdl  by  surging. 

During  monitoring  wdl  development,  groundwater  was  monitored  for  pH, 
temperature,  and  specific  conductance.  Wdls  were  devdoped  until  purge  water  was  free  of 
turbidity,  to  foe  satisfiKtion  of  foe  field  hydrogedogist;  the  monitored  parameters  were  stable 
to  wifoin  10  percent  in  consecutive  wdl  purge  volumes;  and  at  least  three  well  vdumes  had 
been  purged  fiom  the  welL  Several  wells  could  not  be  devdoped  to  the  point  foat  foe  purge 
water  was  fiee  of  turbidity.  Wdls  foat  were  still  turbid  after  development  generally  were 
constructed  in  shallow  borings  foat  extended  into  foe  top  of  foe  Bootfogger  Cove  Formation. 
Wdl  purging  and  development  data  are  presented  in  Appendix  F. 

2.1^,4  Groundwater  Levd  Meaauremests 

Water  levds  in  new  and  existing  OU  5  wdls  and  at  tesqmiary  piezometers 
iwawitorf  doting  foe  soil  gas  survey  were  measured  four  times  doting  foe  fidd  season  at 
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ipIROliniidy  3-week  iniervab.  Ekctiook  wiiter  kvd  indktton  weie  used  to  oolkct 
grooodwtter  aeuweiBeBts.  Ao  oil/water  iaterfiKe  probe  was  used  to  check  for  a  floatuf 
pnxhict  layer.  Mcasureawots  were  taken  rdative  to  the  top  (tf  the  PVC  wdl  casing.  Wider 
levels  were  measuied  to  the  nearest  0.01  foot.  Water  tevel  and  floating  product  level 
measurements  were  recorded  in  bound  Add  logbotto.  Water  kvd  monitoring  data  are 
presented  in  ^ipendix  E. 

2.1.S.5  Groundwater  Sawtpiim 

Groundwater  samides  6om  a  total  of  17  existing  and  19  new  monitoring  wdls 
were  collected  and  analyzed  to  evaluate  groundwater  quality  widiin  and  around  die  OU  S 
source  area.  All  groundwater  samides  were  analyzed  at  an  off-site  laboratory  for 
halogenated  vtdatile  mganics,  BTEX,  smnivolatile  organics,  and  diesd/gastdine/JP-d-range 
hydrocarbons.  Monitoring  wdls  located  near  fly  ash  dqxisits  (east  of  Source  ST37)  were 
additkMally  analyzed  flv  total  and  dissolved  metals.  General  water-quality  parameters 
(alkalinity,  hardness,  and  ankms)  were  analyzed  in  five  randomly  chosen  samide  locations. 
Results  of  the  general  waterquality  analysis  were  used  to  perform  a  geochmnical  omnparison 
of  water  otdlected  foom  die  shallow  and  deqi  aquifers. 

The  first  stqi  in  sampling  the  monittmng  wells  was  to  determine  if  a  floating 
product  lq«r  was  present  in  the  well  using  an  oil/watb/ interfeoe  probe.  No  floating  product 
layers  were  detected  in  die  OU  5  monitoring  wdls.  The  static  waler-levd  and  total  dqdh  of 
die  well  were  dien  measured  urir^  an  electronic  water-levd  indicator  to  calculate  a  borehole 
vtdnme  of  water  for  purgiag.  Before  sampling,  wdls  were  purged  to  imnove  a  minimum  of 
three  borehole  vndumes  of  water.  The  bordude  vtdume  was  calculated  as  die  water  inskle  of 
die  wdl  and  in  die  pose  spaces  in  die  silica  sand  filter  pack,  assuming  a  porosity  of  30 
percent  for  the  sand  filler  pack.  Purging  was  performed  using  a  low-rate  WaTena  sampling 
piHity  to  mininiiae  aeration  and  subsequent  volatUizadon  of  organics.  Groundwater  samiding 
crews  were  careful  not  to  disturb  sedinient  dud  may  have  accumulated  in  the  bottmn  of  die 
wdL  A  WaTena  sanqding  pump  or  a  decontaminated  bailer  were  used  to  ccdlect 
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Srauwhralv  nnifta.  All  Mp^MncDt  tint  cum  iaio  oootact  with  grottKhvsier  or  the  iosde 
of  dw  wdte  otter  was  provided  by  die  mMufttttuier  in  dcao,  sealed,  plastic  perJtagii^,  or 
was  dromHaminaSed  before  ase  aoooediog  to  the  decontaminttBO  procedures  ia  SecdoD 
2. 1.4.2. 


Fidd  paiaiiieters  (pH,  tenqierature,  and  specific  conductance)  were  measured 
after  each  borehole  volume  was  purged  from  the  wells.  WdUs  were  purged  until  fidd 
ponmeler  results  between  consecutive  borchde  vdumes  were  widiin  10  percent  (at  least 
duee  borehde  volumes)  or  until  the  well  was  purged  to  dryness.  Di^osable  plastic  cups 
were  used  to  hdd  groundwater  samples  analyaed  f(«  field  parameters.  No  fidd  parametor 
monilotii^  probes  were  jdaced  into  samide  containers  to  be  used  for  laboratory  analysis. 
Probes  used  for  fidd  parameter  monitoring  were  rinsed  with  deioniaaed  water  between  each 
use.  Rdd  parameter  monitoring  instruments  were  field  calibrated  or  checked  agunst 
standards  daily  according  to  the  manufacturer’s  specifications. 

2.1,5,d  Sanqpfing  of  Water  Sumily  Wdb 

In  addition  to  OU  S  area  monitoring  wdls,  on-site  and  o£f-site  water  supply 
wdls  potentially  affected  by  OU  5  were  sampled.  The  off-site  water  siqaply  wdls  were 
identified  tiiaoi^  a  survey  ci  property  tenants  in  the  industrial  area  located  between  OU  S 
and  Sh^  Credc.  Sanqdes  were  analyzed  for  vdatile  nganics,  semivdatile  organics,  and 
diead/gasoiine/JP-4-iange  hydrocarbons.  In  addition,  samples  fiom  selected  wdls  were 
analyaed  for  alkdinity  and  for  selected  cations  (magnesium,  calcium,  iron,  sodium,  and 
potasshun)  uid  anions  (sulfate,  nitrate,  and  chloride)  to  allow  a  geochemical  conqiariaon  with 
water  from  the  shdlow  aquifor.  A  sanqtling  point  neatest  to  the  wellhead  was  sdected  at 
eadiwdL  The  sanqdi^  points  were  generally  outdoor  ingots  or  bdhroom  sink  faucets. 
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j^lMtsweieooiivkledoo  11  (tfttieiiewawBiiofUf  wdlsatOUS.  The 
teat!  wac  coaduciBd  to  otiwaie  hydmilic  conductivity  values  for  the  aquifer  laateriale.  The 
a^  leata  wen  ehoaen  beoraae  thqf  aee  kaa  eoqieaatve  to  coochict  duMi  puflq>  teati.  Slug  teats 
have  beea  uaed  at  oiany  hazavdous  waste  sites  to  provide  eatimases  oi  hydnidk  oonductivity 
for  the  aquifer  material  directly  adtjaoent  to  the  well. 

Some  <»f  the  aasunqiCioaa  inherem  in  oouqdeting  slug  teats  are  tfasd  the  aquifer 
is  daiacteriaed  by  ladial  flow,  that  dnwdown  foe  water  thUe  around  foe  well  is 
negligfole,  that  there  is  instantaneous  withdrawal  of  water  from  foe  well,  that  the  aquifer  is 
homogeneous  and  iaotropic,  and  that  foe  well  is  frilly  penetrating.  Although  all  sites  violate 
these  aaaunqitkna  to  some  extent,  slug  tests  generally  provide  rdiaUe  well-qiecific,  order-of- 
magaHudn  estimates  foat  may  be  used  to  estimate  fete  and  transpost  parameters  and 
pediminaty  evaluations  of  design  options  frtr  remedial  alternatives. 

The  aquifer  material  at  OU  5  is  generally  hmnogeneous  and  does  not  exhibit  a 
high  degree  of  stratification  when  oonqnred  to  otiier  slug  lest  sites.  Slug  tests  are  generally 
believed  to  provide  rditible  estimates  imder  tiiese  conditions. 

The  slug  tests  were  performed  on  the  following  wdb:  MWOl,  MW03, 
ldWQ5,  hfWOfl,  MWIO,  MW12,  MW13,  MW14,  MW15,  MW16,  and  MW31.  Wells  were 
selecled  to  provide  as  broad  a  geognqihic  coverage  as  possiUe.  Several  wells  aoufo  (rf  tiie 
Muff  were  tested  to  provide  data  foat  may  be  useful  latm  foiling  the  design  of  an  aquifer 
recovery  system. 

Slug  tests  were  conqrieted  Iqr  a  team  consisting  of  a  field  technidan  and  a 
hydiogeeingist.  The  tests  were  conducted  using  PVC  slugs,  triudi  were  eitiier  1  inch  or  l.S 
indi  in  diameter  and  10  feet  in  length.  Pressure  transducers  wired  to  an  electronic  data 
recorder  were  used  to  record  water  levd  measurements  during  the  tests.  The  data  recorders 
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WMB  pragnunmed  to  leoaid  dtoi  evcty  oito>fifth  d  a  Moond  dufiog  die  eiriieit  poctioa  of 
ock  toit,  inceBMiag  the  ieco»ding  interval  inoeraeatally  as  the  teat  progressed.  The  longest 
leoonlim  taiervd  naed  for  moto  d  the  tests  was  1.2  seconds.  Hus  leooidiiv  sdiedide 
fsanltod  in  ftequent  dtoa  measiueaieots  during  the  earliest  portion  of  die  test  when  the  water 
levite  were «— |»««««Miig  quiddy  to  the  dug  removal,  and  kss  fiteqpieat  measurements  as  the 
waler  levels  begM  to  equiKlnalB. 

Equqmieot  was  decontaminated  before  testing  each  wdl  following  procedures 
described  in  Section  2.I.4.2.  The  tests  were  oondncled  by  first  plncii^  die  pressure 
transducer  near  the  bottom  of  the  well.  The  height  d  the  water  oohurm  above  the  transducer 
was  read  usittg  the  etocttonic  dida  recorder.  The  static  water  level  was  tend  manually  using 
a  wiser  levd  meter,  and  die  value  was  recorded  in  die  field  notebook.  Next,  the  slug  was 
piaced  irrio  the  wdl  mid  sttomerged  as  fiv  as  possible.  Some  wdls  contained  less  than  10 
feet  d  water,  so  corrqdete  submergence  was  not  always  possiUe.  Before  b^imilng  the  test, 
die  water  levd  was  allowed  to  return  to  its  original  levd,  which  Qfpically  took  less  than 
30  seconds.  Equilibiatioo  was  checked  by  periodically  measuring  die  water  levd  with  a 
wiser  levd  meter,  or  by  reading  the  water  levd  at  the  i»essure  transducer  using  the  elec¬ 
tronic  data  recorder. 

After  the  water  levd  in  the  wdl  had  returned  to  its  original  height,  die  slug 
was  reaaoved  qdddy  and  cooqiletdy  fiom  the  wefl.  Simultaneously,  the  dectronic  data 
recorder  was  turned  on.  The  data  recorder  was  left  on  until  the  water  levd  had  restabilized 
as  detewBined  by  periodic  manual  water  levd  measurements.  Tests  QfpicaUy  lasted  1  minute 
or  less.  Bach  test  was  repeated  at  least  once  so  that  dedicate  test  results  could  be  conqiared. 

FbUowing  the  oonqdetkNi  of  each  test,  the  dafe  were  downloaded  ftom  the  data 
recorder  onto  a  hqnop  PC.  The  results  were  then  wialyzed  using  the  Bouwer  and  Rke 
sdulion  (Bouwer,  1^;  Bouwer  md  Rke,  1970).  ^ipendix  F  contains  die  results  of  diis 

ana^fris. 
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2.1^ 


8biIIm0  Water  aod  Sfdimfia  fiereatltirtkNi 

SoifKe  water  and  aediments  were  sanqtled  ftian  Shq)  Credc,  the  folf  oemrae 
beaver  pond,  and  adected  aorfitoe  wala  impoundments  and  diainate  ditches  downgiadieat  of 
the  OU  5  Uuff,  as  shown  on  Rgure  2-7,  to  diaractetire  the  kvd  of  contamination  and  assess 
ediedier  the  contamiiurtion  is  related  to  OU  5  source  areas.  The  surfine  water  and  sediment 
sampling  stations  were  adected  during  die  site  reoonndsaanoe  performed  by  project  bidt^ists 
identifying  appropriate  locations  for  ooncurient  fish  and  benthic  macrQinveitd>tatB  sampling. 

The  Shq>  Ciedc  substrate  is  OMnpoaed  primarily  of  loose  or  slightly  enfoedded 
gravd.  To  characterize  potential  sediment  contaminant  concentrations  of  seemingly  localized 
aediments,  the  aanqile  stations  were  adected  in  the  most  quiescent  areas  possible  idiere 
suitable  quantities  of  potentially  unflushed  silty  sediment  could  be  collected. 

A  background  reference  station  was  selected  for  Shq)  Ciedc  at  foe  boundary 
i  between  Elmendorf  AFB  and  Fort  Richaidacm.  No  reference  pond  station  with  biological 
and  physical  characteristics  similar  to  those  of  foe  golf  course  beaver  pond  and  not 
potentially  affected  by  an  Elmaidoif  AFB  OU  could  be  identifled. 

The  Ship  Creek  sample  stations  were  wifoin  aquatic  habitats  Difoere  the  stream 
configuration  was  braided  or  ^lit  The  golf  course  beaver  pond  was  saiiq>led  near  a  seep 
inlet  ^L23),  and  near  its  point  of  foscharge  (beaver  dam).  Surfoce  water  impoundments  on 
the  OU  S  bluff  and  drainage  ditdies  conveying  flow  from  OU  5  source  areas  were  sampled 
for  suifoce  water  and/(v  sediments  at  strat^ic  points  of  inlet  or  disdiaige  to  receiving 
waters,  or  afoere  stressed  v^etation  was  tqiparent. 

The  suifoce  water  and  sediment  sampling  statiems  and  coneqwnding  statiem 
numbers  are  as  follows: 
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ftAiNAoe  ouLVB/rr 


SW/SE/MIOl 

(reference) 

Ship  Creek  (Elmendorf  AFB-Fort  Ridiardson 
Boundary) 

SW/SE/MI02 

Ship  Creek  (Salnum  Run  Park) 

SW/SE/MID3 

Ship  Creek  (upstream  of  fish  hatchery) 

SW/SE/MI04 

Golf  course  beaver  pond 

SW/SE/MI05 

Golf  course  beaver  pond 

SW/SE/MI06 

Wetland  ptmd  at  base  of  OU  5  bluff 

SW/SE/MI07 

Snowmelt  pcmd  at  base  of  OU  5  bluff 

SW/SE/MI08 

Bluff  pond  on  side  of  bluff 

SW/SE09 

Drainage  ditdi  within  OU  5 

SW/SEIO 

Drainage  ditch  west  of  OU  5 

SW/SE/MIll 

Yakutat  Street,  discharge  point  to  Ship  Creek 

SE/MI12 

100  feet  upstream  of  SWll  on  Ship  Creek 

SW/SE13 

Beaver  pond  at  seq)  SL29 

SW  iqiresents  surface  water  sample  stations;  SE  rqnesoits  sediment  sample 
statums;  and  MI  rqnesents  biological  (nuiciDinvertd)rate)  sample  stations.  When  designated 
SW,  SE,  or  MI,  sampling  of  the  different  media  occurred  at  the  same  location. 

Surface  water  and  sediment  analyses  were  performed  at  off-site  laboratories. 
Surface  water  samples  were  analyzed  for  volatile  and  semivolatile  organic  compounds,  total 
and  dissolved  metals,  diesel/gaaoline/IP-4  hydrocarbons,  and  alkalinity.  In-situ  fidd 
measurements  included  pH,  temperature,  q)ecillc  conductance,  and  dissolved  oxygen. 
Sediment  sanq>les  were  analyzed  for  volatile  and  semivoladle  organic  compounds,  diesel/ 
gajoline/JP-4  hydrocarbons,  and  total  metals.  PCB  analyses  were  included  for  sediment 
samples  obtained  near  Source  SD40  and  lower  bluff  pond  locations. 
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Siiiftoe  waler  was  collected  direcfiy  into  ^pprafirialB  anqile  cortainen  by 
immetwig  ttia  open  lop  container  a  few  incbes  bdow  the  water  sorfMe.  Dissolved  metals 
were  collected  immersing  a  sterile  Ifelgeoe  filter  unit,  and  filling  the  upper 
reservoir  oi  die  two>reaervoir  assembly.  The  water  then  was  filtered  through  a 
0.4S-micron-mesh  filter  until  die  filtered  water  filled  die  lower  reservmr.  The  filtered  water 
san^de  dien  was  poured  direcdy  into  a  1-liter  ptdyethylene  container  and  preserved  with 
nitric  acid. 


Sediment  samides  were  collected  using  decontaminated  stainless  sted  trowels, 
spoons,  c(»ers,  ot  a  Ponar  grab  sampler.  The  sediment  was  ^aced  in  a  steel  bowl 

or  pdyediylene  pail.  After  volatile  organic  and  BTEX  samples  were  transferred  with  a  stain¬ 
less  steel  qmon  into  sample  containers,  the  rest  of  the  sediment  sample  was  homogenized  by 
mixing  and  dien  qiooned  into  respective  samide  containers. 

2.1.7  Aqnatie  Ecological  Survey 

The  aquatic  eodogical  survey  consisted  of  qualitative  and  quantitative  sampling 
of  benthic  macroinvertebtates  and  fish  to  acccMnidish  the  following: 

•  Describe  die  biological  diaracteristics  of  OU  5; 

•  Identify  recqitots  and  inqiortant  habitats; 

•  Determine  if  diere  is  evidence  of  stress  on  ecosystems  in  the  area;  and 

•  Assess  toxicity  of  onsite  water  and  sediments  to  fish  and  macroinver- 
tebrates. 


2.1.7.1  FIdd  Measoraneiits 


Field  measurements  were  conducted  to  document  water  quality,  physical,  and 
habitat  conditions  at  eadi  site.  The  data  were  used  to  characterize  die  site  and  make 
conqiarisoiu  with  odier  rites.  The  in-ritu  field  measurements  included  pH,  tenqierature. 
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iHwafic  cendMClMice,  and  duaolved  oxygen.  A  qualitative  deacrqtfion  was  made  oi  the 
statkm,  die  geaenl  sampling  conditions  (sudi  as  weather)  and  die  hdUtm  (Shqi  Ciedc  and, 
where  qiplicdUe,  die  ponds)  using  die  habitat  assessment  protocols  established  in  die  EPA 
Rqnd  Bioasseasment  Protocols  fox  Use  in  Streams  and  Rivers  (RBP)  (Plafldn  et  al,  1989). 
Fidd  observations  of  die  physical  and  bkdogkal  features  at  each  station  were  recorded  on 
fkid  data  sheets  and  in  a  field  log  book.  This  provided  a  qualitative  hdntat  assessment  for 
con^arison  of  each  site.  Each  element  of  die  jdiystcal  measurements  and  qualitative  habitat 
desoqitions  is  discussed  below. 

Fhydeal  Measurements 

At  each  station,  a  desoqition  of  the  physical  features  was  recorded.  The 
physical  duttacterization  paiameters  mduded  weather  conditions  at  the  time  of  sampling, 
estimations  of  general  land  use,  and  jdiysical  characteristics  sudi  as  stream  width,  presence 
of  undercut  banks,  high  watermarics,  channd  morphology,  and  canopy  cover  (Appendix  J, 
Table  J.3). 
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Wcafiier  Conations.  This  assessment  induded  qiproximate  doud  cover,  rain 
or  mist,  and  air  tenqierature.  • 

Predominant  Surrounding  Land  Ure.  The  prevalent  land  use  type— for 
example,  agiicultore,  industrial,  silvicultore,  and  forested  wetlands— in  the  vicinity  of  each  ^ 

station  was  observed.  Also  noted  were  any  other  land  uses  in  the  area  that,  altiiough  not 
piedominaiti,  may  affect  wder  quality. 

Local  Walerdied  Eroskm.  The  potential  for  erosum  in  the  watershed  at  each  b 

station  was  estimated  by  observing  any  exposed  soil  tiiat  drained  directly  into  the  credc  or 
pond. 
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Local  WiMmiMd  Sowree  FoBodoB.  Ndnpoint  lource  eotimotes 

wete  made  by  ideatifyiiig  diflbae  lubaa  nmoff. 

ATCcofc  Stream  WIddi.  Tbe  average  distance  from  shore  to  shore  within 
each  stream  sampling  area  was  measured  in  feet  with  a  100-foot  tape  measure. 

mili>Watcrfehrk.  The  high-water  mark  was  determined  by  estimating  the 
vertical  diamnee  from  fee  stream  bank  to  the  peak  overflow  level,  as  indicaled  by  detwis 
hangup  in  bonk  or  floodplain  v^eladon  and  by  dqmsition  of  silt  or  soil  in  the  floodjdain. 

Canopy  Cover.  The  proportion  open  to  shaded  area  was  estimated  by 
visual  observation  of  overstory  and  shrub  ctmopy. 


Sedtment  Odors,  Ofls,  and  DqMsfls.  Bottom  substrate  materials  were 
examined  to  measure  odon  by  smdl  and  by  visual  observation  of  surfece  sheen  or  tar 
dqiosits.  A  visual  observation  of  fee  substrate  was  made  to  determine  fee  type  of  deposition. 


baorgaidc  and  Organic  Substrate  Componenls.  Estimates  of  fee  percentage 
and  size  of  inorganic  substrate  material  were  made  according  to  fee  sdieme  on  fee  data 
sheets.  Estimates  also  were  made  for  organic  compounds. 
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Hie  SBP  habitat  analysis  procedures  were  used  to  devdop  a  semiquantitative 
comparison  of  fee  habiM  oonditkms  at  each  stream  site  (Plafldn  et  al,  1989).  Using  this 
procedure,  eadi  parameter  was  evaluated  in  the  field  and  rated  based  on  protoetds  listed  on 
fee  habitat  assessment  Add  data  sheets.  From  this  analysis  a  total  score  was  obtained  fx 
each  stream  station.  Reference  and  test  station  scores  were  cmnpaied  and  used  to  classify 
each  station  on  fee  basis  of  similatify  and  fee  station’s  apparent  potential  to  sipport  an 
acoepfeble  levd  biological  healfe. 
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llw  hibilM  pOTmrttw  leptntted  iato  wbitiileaad 

kiMican  cower,  GhaiiBd  inoiphology,  and  Tlieae  were  ade^  to 

provide  a  aemiqwnrtitative  oonqiaruon  of  the  habitat  conditions  d  the  lest  and  leftrenoe 


SidMtrate  and  bstream  Cover.  Bocttm  substrate,  avaiUdtle  cover,  and  water 
current  were  evaluated.  Bottom  substime  refers  to  haUtat  fer  siqiport  of  arpatic  ot{anisms. 
A  varieQf  of  aubatrale  materials  and  hdutat  types  results  in  a  diverse  biotic  community.  In 
general,  a  direct  rdationahip  exists  between  fevorable  haMat  sukability  and  the  diversity  of 
haUtat  types  and  substnte  materials  present  Substrate  and  instream  cover  were  evaluated  by 
visual  assessment  during  sampling  by  qualitativdy  determining  die  amount  of  habitat 
available  for  refoge.  These  habitats  included  rocks,  rubUe,  sidimerged  logs,  undercut  banks, 
and  odier  stable  habitat  The  qualitative  assessment  included  tanking  each  site  according  to 
die  cmegoties  listed  on  die  field  data  sheets.  Stream  flow  was  evaluated  qualitatively  as  the 
aMlity  of  a  stream  to  provide  and  maintain  a  stable  aquatic  environment  Areas  where  the 
vdodty  is  highest  generally  provide  the  least  suitable  habitat  for  fish  and  benthos. 

Ri^rian  Bank  Structure.  Rqntian  bank  structure  refers  to  three  parameters: 
bank  stability,  bank  vegetation,  and  .itreanmde  cover.  Bank  sbdnlity  is  rated  by  observing 
existing  or  potential  dr*«chment  of  soil  from  die  tqiper  and  lower  stream  bank  and  die 
potential  for  movement  of  die  soil  into  the  stream.  Steqier  banks  are  generally  more  subject 
to  erosion  and  feiluie  and  do  not  suppmt  stable  vegetation.  Bank  soil  generally  is  held  in 
piace  by  plant  root  systems.  An  estimate  of  the  density  of  bank  v^etatkm  coveting  the  bank 
provides  an  indication  <rf  bank  stability  and  the  potential  for  instream  sedimentation.  Stream- 
side  cover  is  evatualed  in  terms  of  stream  shading  and  esoqie  cover  or  refuge  for  fish. 
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2.1.7 J  llfBtliif  MMrofancftdwate  SwpHnt 


Bentfric  micRMavcrtetonies  (bottom-dwelling  MgaaUma)  were  aampied  using 
bodi  <pianlitative  and  qualitative  methods.  <)uantilative  surveys  of  benthic  invertelnates  were 
oondiicled  M««g  one  of  two  mediods,  dqtending  on  the  bodmn  sidtstrale  composition: 

•  The  petite  Ponar  grab  sanqrier  was  used  to  sanqtle  soft  sediment  in 
ponds. 

•  The  Suiber  samidm  was  used  h>  sami^  riffles  and  the  eroskmal  zone 
in  credcs. 


To  siqiidement  die  quantitative  sanqding  and  provide  additional  information  on 
the  odonization  of  different  benthic  habitats  within  the  stream  and  ponds,  natural  substrates 
were  qualitatively  sanqiled.  The  natural  substrates  samfded  included  soft  sediments,  woody 
ddiris,  stumps,  vegetation,  leaf  packs,  baric,  and  twigs. 

Quantitative  Sampling 


Stream  Loeatkms.  Stream  location  sanqding  is  described  in  Table  2-4.  At 
each  stream  station  (Rgure  2-7),  three  quantitative  Surber  (1024-micren  net)  sanqdes  were 
cdfeded  ftom  riffle  locations  along  a  stream  reach.  A  Surber  san^er  collects  bendws  from 
a  l-square-foot  area.  Surber  cdlection  rites  coincided  with  die  surfimo-water  quality 
sanqding  rites.  Surber  sanqdes  were  placed  inside  a  idastic  bag  enclosed  in  a  second  plastic 
bag,  and  were  preserved  widi  formalin  (qiproximately  10  percent). 

Fond  Locationi.  At  each  of  the  pood  rites,  three  petite  Ponar  grabs  were 
ooileded  (Table  2-4,  Rgure  2-7).  The  Ponar  samider  cdlects  benthos  from  a  0.2S-aquare- 
foot  area.  Ponar  oolfectkins  also  coincided  with  the  water  qualiQr  sampling  sites.  Ponar 
sanqdes  were  sieved  throi^  a  wash  bucket  (No.  30  mesh),  idaced  in  jdastic  bags,  each 
widun  a  second  plastic  bag,  and  preserved  widi  formalin  (qiproximatdy  10  percent). 
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Qialttirtiwe  «B9les  at  Mdi  the  above  stittktns  ooasiMed  of  invcfteb^^ 
ooUecled  by  Idcknet  and  hand  collectioii  into  the  kidmet.  The  coUectioas  were  made  by 
dnee  methods: 

1.  Jn  stiauns  only,  physically  distuihing  the  bottmn  subsliate  by  kicking 
the  material  iqMtream  of  the  net  and  allowing  time  for  the  mej^rini  to 
be  washed  into  the  net. 

2.  Collecting  by  hand  woody  debris  and  leaf  packs  that  were  acrqwd  into 
the  net. 

3.  fo  ponds  only,  dragging  die  net  across  the  sui&oe  of  the  and 

scrqiing  organic  material  fomn  stun^  into  the  net 

The  qulitadve  arilecdon  was  {daced  into  a  small  bu^et  and  was  thor- 
OQ^ity.  Then  a  small  sanqrie  aliquot  was  remoimd  and  idaced  into  a  idasdc  pidting  pan.  A 
lOd-organism  subsangde  (or  the  number  picked  in  30  minutes)  was  removed  from  the  pan  for 
prdiminaty  identification  of  invertebrate  taxa  present  at  each  sanqde  site.  Qualitatively 
pidsed  samples  were  wadied  into  d^Tubled  {dasdc  bags  and  preserved  with  formalin 
(ippraadmaidy  10  percent). 

EvahMthMi  Metrics 

Where  appropriate,  in  stream  and  pond  areas,  die  fidlowing  metrics  (ecdogicai 
variables)  were  used  to  assist  in  die  eodt^ical  assessment 

Tan  Rfchneas.  The  health  of  die  omimunity  can  be  determined  by  a 
measurement  of  the  varieQr  of  tan  (for  enmide,  total  number  of  order,  fiunily,  genera,  and/ 
or  species)  present  Hie  premise  for  using  this  metric  is  diat  the  tan  ridmeu  increases  with 
better  wmer  qualiQr,  habilat  tttveratty,  and/or  haldtat  suitrinlity. 
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EFT  lada.  The  EFT  index,  ^i^uch  feaecally  iwcreMia  inowwing  water 
^al&y,  a  die  total  munber  of  disdnct  taxa  within  the  three  orders  E^dieineroptera, 
Fleoopleia,  and  Trichopleea.  This  value  wnmiariaBs  taxa  riduiess  within  die  insect  orders 
dnt  are  genetalty  ooraidered  to  be  pcdlution  sensitive. 

Bntio  of  EFT  and  Chironomidae  Abundance.  The  ^themeroptera, 
Beoopten,  lYicfaoptem  (EPT),  and  Chiranmnidae  (Q  abundance  ratios  (EPT/Q  use  these 
indicator  organisms  as  a  measure  of  community  balance.  Good  Mode  conditions— generally 
water  quality  and  habitat— are  reflected  in  communities  having  a  fidily  even  distribution 
among  theae  fintr  migor  grmqM,  widi  substantial  rquesenlation  in  die  sensitive  EPT  groups. 
Skewed  populatioos  have  a  di^uoportionate  number  of  the  generally  tolerant  Qiironomidae 
rdadve  to  die  mote  sensitive  insect  groups;  this  skewing  may  indicate  environmental  stress. 

DIveraity  hidex.  Species  divmsity  is  an  eaqxession  of  community  structure. 
In  general,  a  community  will  have  a  high  qiecies  diversity  if  equally  abundant  qwdes  are 
present  On  the  other  hand,  if  a  community  is  omqwsed  of  a  very  few  ^ledes,  or  if  only  a 
few  species  are  abundant,  diversity  is  low. 

Evenneai.  Diversity  of  a  ccMnmunity  dqiends  on  die  number  of  qiecies 
present  and  the  evenness  with  udiidi  the  individuals  are  ippoctioned  among  them.  To 
describe  a  oanmunity’s  diverrity  in  terms  of  its  diversity  index  alone  confounds  diese  two 
fecton;  a  conununity  with  few,  evenly  represented  species  can  have  the  same  diversity  as 
one  widi  maity,  unevenly  represented  species.  Therefore,  it  is  desirable  to  keqi  these  two 
components  of  diversity  distinct  The  use  of  this  index  is  based  on  the  assunqition  that  the 
better  die  water  quality  and  more  diverse  the  habitat,  the  more  qiecies  abundance  will  be 
ttiatriboted  eventy  among  die  taxa  present  This  would  increase  the  evenness  index  value 
toward  one. 


Functional  Feedhiig  Groups.  Macrmnvertebndes  were  classified  into 
functional  feeding  groups  according  to  die  schemes  proposed  by  Merritt  and  Cummins  (1984) 
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gpsuf  aaalym  was  done  lo  assist  m  the 
giQ<9S  to  die  invctldKalB  ocMiaunity  due  to  the 


2.1.7J  m 


Fish  were  sampled  during  May  wd  Scptotobg  1992  at  die  duee  sampltog 
statioM  within  919  Creek  above  the  Hmendorf  AFB  firii  htochesy  (SWOl  dnoogh  SWQ3), 
and  to  June  1992  only  at  the  two  golf  ooufse  beaver  pood  sanqiKng  stations  (SW04  and 
SWQ9).  Flab  were  aan^led  quaUtativcly  using  etoctroihocking.  liOinow  seining  of  the 
creek  and  pood  was  hriended,  but  not  poasihle  due  to  high  credc-flow  vdoddes  and  pond 

OOCIQBI  uOWiilliIMJIH. 
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2.1.7^  Tosdelly  Teats 

Acme  and  chronic  toxici^  tests  finr  contaminants  of  concern  were  conductod 
on  adectod  surfiree  water  and  sediment  sarndes  to  assess  die  potential  for  stress  to  aquatic 
organisms.  The  results  of  die  testing  are  discussed  in  Section  4.5. 


2.U  Tenceetrial  Ecolegical  Survey 


Surveys  were  conductod  during  htoy  and  June  1992  to  describe  the  terrestrid 
Inologicd  chaiactoristics  of  OU  5,  idetoify  recqnors  and  toqwriant  hdritats,  and  determine  if 
diere  is  evidence  stress  on  eoosystoms  in  the  area,  to  accordance  with  the  phased 
qipronch  betog  used  at  OU  5  (CB2M  HILL,  1992<0,  the  survqrs  were  designed  to  obtain 
quafitotive  ratfier  dan  quantitative  information.  More  detailed  studies  may  be  comhicted  in 
the  ftature  if  quaottodive  data  are  needed  for  assessment  oi  ecological  risks. 


The  earlks  susewide  ecological  survey  rqwrts  and  asaeasments  (Rodie  d  m, 
1983,  NOAA,  1990,  USDI,  1990,  CH2M  HILL,  1992c)  were  reviewed  for  general  informa- 
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tioa  to  OfJ  S.  Hw  field  wrveys  Aoiiig  Mty  Md  June  were  daeigned  to  Ibcus  on 

die  lenaliiil  kebituto  end  t**^***  identified  in  eeilier  lefeenoei  »»»<*  to  obtoin  moee 
9edfic  inventories  nd  sseessments  within  OU  S.  These  nnveys  were  oonthieted  Cram  Mey 
19  dmu^  25  and  June  23  through  29,  1992.  (In  addition,  after  the  first  suiv^,  some 
fidtow-up  was  done  on  May  27  and  June  5.  Cursory  observations  were  made,  and  nests 
fiNind  (hiring  the  May  survey  were  diecked.)  Because  evidence  of  plant  stress  was  observed 
duimg  the  June  survey,  plant  and  soil  samides  were  collected  from  adected  areas  in  OU  S 
Airing  September  1  through  3,  1992. 

Primary  access  routes  for  making  observations  in  OU  5  included  Bluff  Road 
and  the  ARRC  right-of-way  north  and  west  of  Post  Road,  and  the  ARRC  right-of-way  and 
gravel  roads  north  Ship  Credc  in  the  areas  east  of  Post  Road  (see  to  Figure  2-1).  From 
those  aocesa  routes,  walking  surv^s  were  performed  diroughout  foe  woexied,  grassy,  and 
wetland  areas  within  foe  OU  5  portion  of  foe  base.  Particular  attentkm  was  given  to  those 
locatioos  triiere  seqn  had  been  identified  (see  Sectiem  2.1.1),  source  areas  in  or  near  wildlife 
hrintats,  and  wetlands  foat  could  receive  groundwtoer  <x  surfoce  water  discharges  from  those 
areas. 


2.1.8.1  Ofoltats  and  Y^etafion 

OU  3  was  surveyed  to  identify  the  nuyear  habitats  and  plant  communities 
presem  and  their  general  (fistribution.  Potentially  senritive  habitats,  sudi  as  wetlands,  were 
identified  and  visRde  areas  recent  or  historteal  disturbance  were  noted.  The  terrestrial 
habitats  were  anveyed  by  walking  transects  forough  eadt  OU  3  source  area  between  the 
Uuff  nd  9^  Creek  to  idendiy  oommon  qwdes  present.  Less  intensive  surv^  were 
conducted  above  foe  Unff,  nd  aerial  photographs  were  examined  to  assist  in  moping  hrintat 
types  forou^ioiit  OU  5.  Vegelafion  types  were  identified  accordh^  to  foe  summary  (rf  types 
presented  in  foe  basewide  eocdo^cal  survey  (CH2M  HILL,  1992c),  whidi  wu  based  on 
earlier  stofoes  by  Rofoe  et  al  (1983). 
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Hatetat  types  woe  ooo^aied  to  naaps  sod  descriptioftt  from  Rothe  et  si  (1983) 
and  to  color  aerial  photognphs  taken  in  1982.  Evidenoe  of  plant  ttress  was  notod  when 
there  were  visual  signs  of  foliar  damage.  Pototnial  reference  sites  were  surveyed  for  com¬ 
parison  to  the  OU  3  halHtsts. 

IkMe  2-S  provides  a  summary  o£  foe  plant  and  soil  sanqilcs  that  were  collected 
to  evaluate  possible  relationahips  between  plant  stress  and  OU  S  contaminants.  The  san^lmg 
locations  ate  shown  on  Figure  2-1.  At  most  of  foe  samided  locations  (excluding  SL16  and 
SL27,  where  no  affected  plants  were  observed),  aboveground  portions  of  plants  were 
collected.  These  included  idants  showing  apparent  stress  and  odiers  of  foe  same  ^tedes,  but 
not  dtowing  effects,  that  were  growing  nearby  (usually  10  to  30  yards  from  the  affected 
area).  The  sdected  apedes  were  considered  rqireaentative  of  the  affected  idants  at  foat 
location.  The  plant  ^edes  induded  horsetail  (Equisetum  anenre),  Iduqoint  grass 
(CaJamagnMls  coHadaisis),  fireweed  {EpUobium  angustifbliwn)^  brotdc  veronica  (Veronica 
serjiyO^)Ba),  and  willow  (SaUx  9.).  Sections  3.6.2  and  4.6  provide  descr^tions  ol  general 
halntat  ^pes  and  locations  where  {dant  stress  was  olMerved. 

Along  wifo  each  of  those  plant  samides,  soils  were  otdlected  at  depths  that 
were  expected  to  reflect  tiie  root  zone  of  the  samided  jdant  qwdes  (altiiough  tiie  extent  of  the 
root  rone  for  each  ^edes  was  not  determined  in  the  field).  Soil  samfdes  also  were  col¬ 
lected  at  SL16  and  SL27  (even  tiwugh  affected  plants  were  not  observed  there)  for 
oonqMtiaon  to  soils  between  SL2S  and  SL26  (^tfoidi  are  located  in  the  same  wetland  as  SL16 
and  SL27,  but  afoere  affected  jdants  were  observecQ.  At  SL29,  the  soil  sanqte  was  sediment 
fiom  mi  affected  area  tint  was  flooded. 

Collection  of  paired  soil  samides  (one  samide  from  an  area  afoere  idants 
showed  effects),  tin  other  from  a  nearby  area  afoere  tiie  same  types  of  plants  were  unaffected 
was  considered  siqwfior  to  oonqnring  sanqdes  from  a  more  distant  reference  site  where  sml, 
wtoer,  mid  environmental  conditions  might  confound  oonqnriaons.  At  eadi  of  tin  sanqding 
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poinls,  aoib  woe  colkcted  ftom  dqMhs  of  2  to  12  inches,  12  to  24  uicfaes,  and  24  to 
36  indm  deep,  as  appropriate  for  die  opened  root  dqidu  for  plants  at  that  station. 


These  lepresentative  ueas  (listed  in  Table  2-S)  in  which  plants  showed 
evidence  of  stiess  were  sanpled  to  determine  vriiether  chemicals  in  the  soil  may  be  associ¬ 
ated  with  the  observed  effects.  This  san^riing  was  conducted  as  an  estploratoiy  survey  during 
the  1992  growing  aeMon--coosistent  with  die  phased  approach  deacxfoed  earlier  (CH2M 
HILL,  1992d)— to  obtain  information  potentially  useful  for  prdiminary  identification  of 
causative  foctors  and  pianning  of  bioassays  or  eqierimeatal  studies  using  available  toxidty 
tests  (for  exanqde,  Kqwstka  and  Rqxvter,  1991,  SETAC,  1991).  The  goal  of  this  additioaal 
work  was  to  determine,  if  possible,  the  cleanup  (no  effect)  levels  for  contaminants  that  are 
associated  with  |dant  stress  within  OU  5. 

nants  in  the  affected  area  were  examined  to  further  characterize  die  signs  of 
stress.  The  goal  was  to  conduct  this  examination  during  August  (before  plants  b^an 
seasonal  dioKiff  or  winter  dormancy)  but  it  could  not  be  conducted  befme  die  furst  week  of 
Sqitenfoer  1992.  The  specific  signs  of  stiess  in  various  plants  may  provide  insight  to  the 
causative  foctors;  in  other  words,  whether  the  signs  of  stiess  are  diiecdy  related  to 
contaminant  eqwsure  or  peihqis  to  nutritional  deficiencies  or  imbalances  induced  by 
contaminants. 


Samidiiig  locadoos  included  two  wbere  ixnsetail  showed  effects  (between  SL04 
and  SLOS,  phis  SL19),  two  open  areas  where  grasses  and  heibaceous  plants  were  affected 
(SL20  and  SL31),  and  two  larger  wetlands  where  multiple  qiecies  showed  effects.  These 
wetlands  included  the  one  between  SL16  and  SL2S,  as  well  as  die  one  at  SL29.  ^^fidiin  the 
SL29  wedand,  sanqding  was  conducted  at  one  location  sriiere  mult^  spedes  showed  effects 
(and  a  paired  no-effect  aanqde).  ^^fithin  the  SL16  to  SL2S  wetland,  aanqding  was  ctmducted 
along  an  east-west  transect  dnt  included  two  stations  at  SL16  and  SL27  (where  v^etadon 
qipeared  normal)  and  at  one  station  between  SL2S  and  SL26.  Plant  and  stdl  sanqdes  were 
odlecled  concurrently. 
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In  addition  to  petndeum-reUted  chemicals  (BTEX  and  diesel/gaa(dine/JP-4 
hydrocaibons),  tiie  constituents  for  analysis  induded  other  chemicals  found  in  soil  vapws  or 
groundwater  (volatile  organics),  pH,  conductivity,  nitrogen,  phoqriKmis,  soluble  and 
extractable  cations,  and  trace  elements.  Among  the  trace  elements,  die  analyses  of  plants  or 
soils  included  essemial  elmnents  for  nutrition  (boron,  cobalt,  copper,  iron,  manganese, 
molybdenum,  nidoel,  and  zinc),  non-essential  elements  that  may  be  present  (arsenic, 
cadmium,  chromium,  lead,  mercury,  and  selenium),  and  thoae  that  may  be  antagonistic  to 
iron  (boron,  cadmium,  cobalt,  diromium,  copptf ,  molybdenum,  and  zinc)  because  some  of 
the  signs  of  stress  were  similar  to  iron  deficiency. 

2.1.8J1  Fauna 

Surv^s  were  conducted  at  OU  5  to  identify  resident  and  migratory  animals 
using  the  site  during  die  firing  and  early  summer,  and  to  determine  their  distribution  among 
the  identified  habitats.  The  surveys  concentrated  on  small  and  selected  medium-sized 
mammals  (beaver  [Castor  canadensis],  muskrat  [Ondatra  zibeddcus],  voles,  and  shrews), 
birds  (eqiecially  waterfowl  and  shordiirds),  and  amidiibians,  because  these  animals  range 
over  a  smaller  area  ot  nest  in  the  vicinity  and  thus  are  at  greatm  risk  for  mqxMure  to  any 
contaminants  diat  may  be  present  Wood  frogs  (Rana  sylvatica)  may  be  among  the  more 
sensitive  recqUors  because  diey  lay  their  eggs  in  direct  contact  with  potentially  contaminated 
surface  waten.  Larger  animals  such  as  riv«  ottex  (JLutra  canadensis),  red  fox  (yutpes 
vtdpes),  coyote  [Caids  Uttrans),  bear  {Ursus  amerkama),  and  nuwse  (/ilces  akes)  are  wide- 
ranging  and  were  not  surv^ed,  although  their  presence  was  noted  when  they  were  observed. 

Mammals 

Surveys  of  mammals  were  completed  by  walking  various  habitat  types  and 
obsereing  signs  of  presence,  sudi  as  nests,  dens,  scat,  and  trails.  More  reclusive  qiecies 
(such  as  vcdes  and  shrews)  were  surveyed  by  trapping  widi  live  trqrs  and  snap  trrqM.  The 
trq»  were  typically  set  as  pain,  with  one  live  and  one  snsp  trq>  at  each  location. 


» 
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Tid»le  2-6  provides  a  summary  of  the  number  of  tn^  nights  (nights  on  wh^ 
trqM  were  set  for  small  mammals).  The  trapping  was  conducted  in  habitats  near  identified 
source  areas  or  seqai  as  well  as  near  the  margins  of  wetlands  located  dose  to  those  areas. 
The  hhbitats  included  steep,  heavily  wooded  slopes  (fiiv  example,  diose  in  Source  ST37), 
moist  and  dry  grassy  areas,  and  mixed  grass-shnd)  halntats.  Small  mammals  that  were 
oqituted  were  saved  fiv  possible  muuninadon  and  also  fm  chemical  analysis  if  qjproiniate. 


Surveys  of  larga  mammals  (sudi  u  beavers  and  muskrats)  were  performed  by 
(Bred  observation  and  by  observation  of  signs  such  as  burrows,  nests,  scat,  and  trails.  No 
trqifMng  was  involved. 

Birds 

Surveys  of  waterfowl  and  shoid>irds  observed  at  OU  S  were  performed  to 
determine  s^iidi  ^wcies  or  individuals  feed  or  nest  in  ponds  and  wetlands  on  OU  5.  Birds 
using  ponds  with  visible  surface  sheens  were  observed  more  closdy  to  detect  whether  oil 
could  be  seen  on  dieir  plunuges.  Nest  searches  were  conducted  and  the  ^s  in  the  nests 
were  counted  and  recorded;  hatching  success  was  monitored,  insofor  as  possible.  Eggs  were 
examined  for  evidence  of  petroleum  products  on  die  shdl  surfoce.  Eggs  that  foiled  to  hatch 
were  collected  and  examined  to  determine  if  embryos  were  present  and  if  there  woe  gross 
abornmalides. 


Surveys  of  birds  other  than  waterfowl  and  shotdiirds  entailed  walking  through 
habitat  types  and  recording  sightings  and  calls  for  each  spedes. 


AmphiMans 


The  presence  of  tadpole,  or  adult  wood  foogs  in  ponds,  waterways,  and 
other  suifoble  habitats  of  OU  5  was  determined  by  visual  observation  and  by  dipnet. 
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Table  2-6 

SmaD-Mamiiial  Trappiiig  Summary 
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Coocdinatet  and  devatioaa  ftv  monitoring  wdls,  soil  borings,  ptezomelers, 
water  siqiply  wdls,  ud  stream  gauges  in  or  near  the  OU  S  study  area  were  surveyed  in 
October  1992.  Horiaontai  and  vertical  control  was  established  to  third<otder  accuracy  and 
referenced  to  puUiriied  contrd  points  fSor  the  1983  North  American  Datura  (NAD83) 
die  1983  National  Geodetic  Vertical  Datum.  Elevations  were  defennined  for  the  fdlow- 
points: 


•  hfonitoriiig  wdls— top  of  PVC  casing  (cap  removed),  top  ot  sted 
casing  (cip  removed),  and  ground  surfece  next  to  concrete  pad; 

•  Flcaometers— top  of  sted  {npe  (op  removed)  and  ground  surfece  next 
to  stedppe; 

•  Water  sundy  wdls— top  of  flange  (wdl  BW-40)  or  top  of  seal  (wdls 
BW>50  and  BW-S2)  and  ground  surfece  next  to  wells; 

•  SoO  borings— ground  surfece  next  to  backfilled  bming;  and 

•  Stream  gages— top  of  sted  rod  supporting  gaging  instruments. 

The  coordinates  and  elevations  were  used  to  nup  sam|ding  locations  and 
provide  common  reference  points  for  waler-levd  measurements  used  to  evaluate  site 
hydrology.  The  surv^ting  results  are  summarized  in  Appendix  G. 

2.1.9.1  Horiaontai  Contra! 

Four  permanent  monuments  having  NAD83  values  exist  witiiin  die  {Hoject 
area.  These  monuments,  along  with  several  others,  are  also  a  part  of  die  ”Elmendorf  Grid” 
qrsleaL  The  Elmendorf  Grid  is  an  assumed  comdinaie  system;  its  significance  here  is  that 
most  survey  projects  at  Elmendorf  AFB  are  related  to  it 
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Triile  2-7  bdow  lists  four  monuinents  within  the  pR^ect  limits  tlmt  are 
oommoB  to  both  systems. 

All  oonqwtadoos  and  adjustments  were  performed  using  the  Hmendorf  Grid 
values.  Each  traverse  uras  independently  dosed  mid  adjusted  using  the  compus  rule. 
Pievioosly  mljusled  values  were  held  during  sulMequent  adjustments. 

When  all  travoaes  were  adjusted,  die  inverse  distances  between  monument 
TT  AN  7  and  the  other  three  monumenti  having  NAI^  values  were  compared.  The  results 
of  this  oooqiarisoo  are  summarized  in  Table  2-8. 

MnnmnenK  TT  AN  7  and  RY-6A  were  hdd  because  they  offered  die  least 
scale  fector  for  transforming  die  survey  coordinate  values  to  NAD83  values.  The  NAD83 
values  were  substituted  for  the  two  desired  monuments,  and  all  surveyed  coordinates  woe 
rotated  and  scaled  accordingly. 

2.1,9  J  Vertical  Contnd 

Vertical  rfatmn  for  die  picgect  was  ^leciiied  to  be  the  1983  National  Geodetic 
Vertical  Datum.  The  surv^  was  initialed  at  U.S.  Coastal  and  Geodetic  Survey  (USC&GS) 
bendi  mark  E-74,  whidi  has  a  published  devatioo  of  76.09  feet  above  mean  sea  level. 
USCftGS  bench  mark  F-74  was  also  used. 

tt  was  found  dud  diis  datum  does  not  agree  with  the  Elmendorf  Grid,  uriiich  is 
qipcoaiifflatdy  2.2  feet  higher.  To  determine  whidi  datum  odier  OU  S  progect  infwmation 
was  rdded  to,  Aertddqi  of  Anchorage,  Alaska,  was  contacted  for  information  r^arding  die 
1987  aerial  mapping  diat  was  used  to  generate  the  Elmendorf  AFB  site  mi^s  used  in  diis 
rqnrt  Vertical  oontrd  for  die  Elmendorf  AFB  site  mqis  was  based  on  MOA  bendi  maria 
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TaUe2-7 

CoordiiiatM  for  Sunrojr  ^fomnatoti 


Table  2-S 

CompariaoB  of  Siurvey  Resulte  to 


TTAN7lDaY-«A 

4184.77 

4184.42 

TT  AN7IOO-3 

2946.92 

2946.S9 

TrAN7lo04 

m7.2i 

ST36M 

»  I 


AfOOUSIVFIKipMC 
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CB>1A,  CB-IB,  CB>2A,  CB-2C,  and  CB^.*  The  datum  for  dieae  bendi  marks  is 
NQS  1972  equated  (mean  sea  level  >■  0.00  foot).  During  foe  1987  survey,  foe  devmioas 
for  hewrfi  maria  B*74  and  F--74  were  found  to  be  0.60  foot  lower  foan  foe  USCAGS 
poUished  values.  Tlie  1987  survey  value  used  by  AttoMap  for  bendi  marie  E-74  was 
^.49  foeL  Becaute  foe  73.49-foot  bench  mark  devatkn  agrees  with  foe  oontrol  used  for 
previous  Elmendorf  AFB  mqiping,  foe  OU  3  surveyed  elevatioos  were  referenoed  to  this 
datum. 


m 


# 
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This  section  summariies  foe  labmtory  analysis  program  for  sanqdes  collected 
during  foe  fidd  investigatioo.  The  analytical  program  used  bofo  48-liour  turnaround  time 
analyses  at  foe  CH2M  Hni.  Corvallis,  Or^on,  CSL  and  standard  turnaround  time  analyses 
at  foe  CH2M  wni.  Redding,  California,  Uboratmy  for  EPA  Levd  m  analyses.  Additional 
contract  laboratories  to  suppewt  add-on  work  induded  Superior  Analytical,  ENSECO,  and  foe 
CH2M  WTIJ.  hfilwaukee,  V^soonsin,  aquatic  biology  laboratory.  Table  2-9  summarises  foe 
nunfoer  of  sanqdes  and  parameters  analyzed  by  each  latNHatory.  These  totals  do  not  indude 
foe  quality  assurance  and  quality  control  (QA/QQ  samples  (trqi  blanks,  field  blanks,  rinsate 
Uanks,  and  fidd  diqfocales)  odketed  during  foe  sanqding  efforts. 

23  iwt«  ValMtfcwi 


Sarrqdes  cdlected  during  foe  fidd  investigation  were  analyzed  according  to 
EPA  Levd  m,  wifo  documentation  equivalent  to  Levd  IV.  Levd  m  and  Levd  IV  are 
defined  u  fdkrws: 


•  Levd  m— all  analyses  performed  in  an  off-site  analytical  laboratory. 

Levd  nr  analyses  may  or  may  not  use  contrad  labmatory  program 
(CLP)  procedures,  but  do  not  usually  utilize  the  validation  or  docu- 


rPnaiakUwfoladlHMiy  IS,  1947,  fnnlhoaM  A  St»iif  ofTijrdc,  Nym  A  Hqrw  to  Stgv«  St  Peter  of 
Ak  Photo  Tech,  Ibc. 
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Table  2-9 


(Contfaiiied) 


anwaa» 

CmmMI 

CWVWb 

P=| 

AilHi<nUlKVCO 

3004 

4 

IHfHIH 

MMilV 

3M.1 

4 

-  - - 1  • 

■MtSM 

4 

SM 

4 

- 1  ~  T - 

AOBCnULLTM 

34 

•010^300^  3000  Mr. 

34 
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aamiiM  pRWfldufes  nqfiand  of  CLP  Levd  IV  aaolytis.  The  labon- 
tory  may  or  may  not  be  a  CLP  labofaiory. 

Level  IV->CLP  routine  analytical  services  (RAS).  All  analyses  are 
fwrformed  in  an  off-site  CLP  analytical  laboratory  ibllowiag  CLP 
protoods.  Levd  IV  is  cbaracterised  by  rigorous  QA/QC  proioods  mid 
documentadon. 


Laboratory  rqnrts  induded: 


•  Sample  results,  with  copies  of  raw  data; 

•  QC  test  results,  with  copies  of  raw  data  (matrix  qiilces,  blanks,  and 
duplicates); 

•  Calibratioas  and  tunes,  with  taw  data; 

•  A  nanative  summarizing  proUems  or  unusual  dicumslances  that  may 
have  been  encountered  diuing  sample  analysis; 

•  Chain-of-custody  forms; 

•  Samfde  piq»ration  logs;  and 

•  Raw  data  for  tentativdy  identified  compounds  (TICs). 

All  of  the  data  packages  submitted  by  the  CSL  and  off-site  laboratories  were 
reviewed  for  adherence  to  QC  limits  defined  in  toe  Idanagematt  PUm  Operable  Unit  5 
Quality  Assurance  Prajea  PUm  (QAPP)  (CH2M  HILL,  1992d).  An  additional  10  to  20 
percent  of  the  data  was  validated  using  raw  data  aoaxding  to  functional  guidelines  foe 
evaluating  orgimics  anatysis  and  guidelines  for  evaluating  inorganics  analysis  (EPA,  1988b, 
1988c). 


I 


Data  validation  rqmtts  are  presented  in  two  technical  memoranda  in 
^ipendix  F,  one  for  toe  CSL  and  one  for  otoer  off-site  laboratories. 
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Cfvahliiid  aococdMf  io  i^ptteabte  leq^remeats  far  die 


lbilowii«: 

•  Holding  times; 

•  Calilnatioas  and  times; 

•  Blank  contammstion; 

•  SuRogale  qnkes  (ocganks  only); 

•  Mjnrix  spikes  and  blank  qiikes;  and 

•  Dti|dicates. 

Genendly,  die  data  met  the  quality  assurance  objecdves  described  in  die 
project  QAFP;  minor  nonoonfiirmanoes  are  described  in  the  technical  memoranda  in 
^pendix  H.  Data  flags  and  their  iqiplicadon  to  the  data  set  are  presented  in  Table  2-10. 

hi  addition  to  the  data  review  baaed  on  EPA  guiddines,  field  diqiiicalB  results 
were  summarized  and  evaluated.  Of  dm  197  pairs  of  diqdicate  results,  5  pairs  resulted  in  a 
greater  rdadve  peroent  difference  (RPD)  dian  die  inqject  goal  of  100.  A  summary  of  field 
results  is  presented  in  ^ipendix  H  with  data  validation  memoranda. 

hi  evaluatii^  die  it  was  observed  that  several  common  Idxxatory 
oontaminants  were  present  in  method  blanks  and  associated  sanqdes  fi>r  many  of  the 
analytical  procedures.  For  metals  and  vdatik  organic  analysis,  laboratory  contamination 
was  observed  k  bodi  blanks  and  sanqdes  for  eadi  data  set  However,  for  semivoladle 
analysis  CBPA  Mediod  827(0,  several  samides  were  rqwrted  to  have  low  levels  (1  to  2 
ng/kg)  of  common  kboratoty  contaminants  ((ditfaalates  and  n-nitrosodqihenylamine)  dial  were 
not  rqwrted  in  die  mediod  blank  for  die  sample  set  In  diese  cases,  it  is  believed  diat  the 
low  levds  ci  pMialates  and  n-nitrosod^ihenylamine  are  laboratory  oontaminants,  and  are  not 
origiaating  finom  samples  obUecled  at  Hmendorf  AFB. 
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lUf  flag  ia  alio  uaed  wilk  noafnic  laaiilta  whan  a  laportad  aoalyta 
ooaocatntaaa  ia  betweaa  lha  iaatnniaaa  linhirtiwi  baiit  (IDL)  and  the 
OtPL.  Tliia  mdicalea  that  Ike  ailyae  coaceBtiatina  may  be  aatimated. 

TUa  flag  ia  naed  widi  orgaok  analyaaa  whao  lha  nav  data  iadicaia  lha 
pwiara  of  a  compound  balow  dia  fMad  MDL.  TUa  dial  lha 

ana^fta  concantwlion  may  ba  aadaaatad. _ 

Thia  flag  ia  uaad  wilh  gaa  chitMaatognph/maaB  ipactromalar  (GC/MS)  data 
only.  It  jndirataa  Ihat  dw  coocemmiaB  of  die  ia  above  die 

liaw  calibmtion  tango  of  die  iaatnuMBfl,  edttch  maana  die  aaaipla  diould 
be  fwanalyaed  at  an  appropriate  dihidao.  The  laoulta  die  dilution  ate 
leportad  on  a  aapatale  foiin  and  flagged  widi  a  *D*  (aea  below)  if  die 
dilution  bringa  the  coocantnUioo  wilhia  proper  calibtation. 

Thia  flag  ia  need  widi  OC/MS  data  only;  it  idendfiea  oompounda  that  have 
bean  dilnied  to  bring  dieir  conoentration  widnn  the  linear  nmge  of  the 


TUa  flag  ia  uaed  widi  otgaaic  analyaea  when  reaulta  are  confinnad  by  a 
aaoond  ««tM— 

Thia  flag  ia  uaed  eiclaaively  by  the  Superior  Analytical  Laboiatoiy  with 
JP-4  reaulta  when  aani|da  JP'4  chromatogiapiiic  fingerprint  pattern  doea 
not  match  atandaid  JP-4  daomatogiapliic  fingerprint  pntterna. _ 

Thin  flag  ia  uaed  exchiaively  by  die  Sqietior  Analytical  Laboratory  widi  JP- 
4  reaulta  and  indicatea  Ihtf  the  JP-4  detection  limit  wan  laiaed  due  to  an 
integration  error. _ 

Thia  flag  ia  uaed  eadnaively  by  die  Superior  Analytical  Laboratory  with 
^eael  reaulta  and  indicatea  that  the  djaeal  detection  limit  wna  raiaed  due  to 
an  inlegmiion  error. 


Table  2-10 
(Coittiniied) 


1  W>i 

■MitMdlhi^ 

1 

Thia  flag  ia  uaed  with  organic  and  inorganic  naulta.  It  indicatiia  that  it  ia 
difScult  to  datemiae  a  diractian  of  biaa.  Una  difficulty  may  occur  when  a 
dtytkate  RPD  reault  ia  outiida  the  arccptable  range  for  praciaian  or  when 
holding  time  criteria  have  been  eiceeded. 

UJ 

Ihia  flag  ia  uaed  with  organic  and  inorganic  reaulta  when  a  compound  analysed 
for  waa  not  detected.  It  indiratee  that  the  aninple  qnantitatian  limit  ia  eatinarted. 
Thia  may  occur  when  a  duplicate  RPD  reault  ia  oulaida  the  accapteble  range  for 
preciaion  or  when  bedding  time  criteria  have  been  eotceeded. 

NJ 

Thia  flag  ia  uaed  widi  organic  reaulta.  It  indiftea  that  the  pweenre  of  a 
tentatively  idenlifiad  compound  ia  at  an  aatimeted  concentratioiL 

1 

K 

Thia  flag  ia  uaed  with  organic  and  inorganic  reaulta  when  an  analyte  ia  preaent 
but  the  wmial  value  ia  expected  to  be  lower;  die  reported  value  may  be  biaeed 
high.  Thia  may  occur  wl^  foe  matrix  apike  recovery  ia  above  QC  acceptance 
limita. 

■ 

Thia  flag  ia  uaed  widi  organic  and  inorganic  reaulta  when  an  analyte  ia  praeent, 
but  dm  actual  value  ia  expected  to  be  hitter,  die  reported  value  may  be  biaeed 
low.  Thia  may  occur  udien  uiatrix  apike  recovery  ia  below  QC  ecceptance 
limita. 

UL 

Thia  flag  ia  uaed  widi  orpnic  and  inorganic  reaulta  udien  analytea  wen  not 
detected.  It  indkatea  that  die  aample  quantitation  limit  may  be  biaeed  low  and 
dte  actual  quantitation  limit  ia  expected  to  be  higher.  Thia  may  occur  when 
matrix  qpke  recovery  ia  below  QC  acceptance  limita. 

■ 

Thia  flag  ia  uaed  widi  organic  reaulta  only  and  indteatea  dmt  the  aam|de  reaulta 
an  lameeMe  (conqwunda  may  or  may  not  be  preeant).  Thia  may  occur  when 
anrrognte  apike  recovery  ie  below  10  parrent 

A  data  manageme&t  system  was  imitonented  to  assist  the  flow  of  information 
by  providing  a  means  of  tracking,  cataloguing,  organizing,  and  archiving  information.  This 
^ston  includes: 

•  Hie  databaae  data  structures,  hardware,  and  software  ftv  data 
handling;  and 

•  Data  management  proeedurea— data  tracking  and  prqMuation,  data 
entry  and  verification,  ami  administration. 

2.4.1  Database  System 

The  Environmental  Informatum  Management  (EIM)  Branch  of  foe  Air  Force 
Center  for  Environmental  Excellence  (AFCEE)  maintains  a  databaae  to  store,  analyze,  and 
rqwrt  informatioo  used  for  the  Air  Force  Installation  Restoration  Program  (IRP).  The 
database  is  referred  to  as  IRPIMS  and  is  written  in  dBaae^,  a  commerdally  available 
management  system. 

CH2M  HILL  has  developed  an  environmental  databaae  triplication  using 
Paradox:*  software,  vfoich  is  similar  in  deagn  to  IRPIMS.  To  reduce  data  entry  time  and 
inqittive  rqxxting  cqiabilities,  the  Paradox*  triplication  was  modified  to  provide  data  entry 
and  rqnrtii^  functkias  with  IRPIMS  database  structures. 

2AJ1  Data  MawagwwBt  System 

^iproadmaldy  SO  peroem  of  foe  data  received  ftom  foe  Uboratories  was 
availaUe  in  both  dectrooic  and  hard-copy  formats;  the  remainder  of  foe  data  was  available  as 
hard  copy  only,  which  required  manual  entry  of  foe  data.  To  ensure  oonsislency  between 
data  seta,  imernal  drtabase  inlegiiQr,  and  a  verified,  usable  data  set,  foe  fidfowing  procedures 
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were  followed  for  all  (fota  enlned  either  electmiically  or  manually  into  the  data  mana^ment 
qrttem. 


BectTMifc  Data  ft^nrtkre 

•  Check  for  comirieteaess;  compare  data  received  tc  analyses  requested. 

•  Log  in  data  disks. 

•  Verify  that  files  received  match  transmittal  paperwc^ 

•  Copy  and  archive  files  for  project  files. 

Electronic  Data  Entry 

•  Download  data  into  temporary  database  fites. 

•  Restructure  temporary  files  to  fit  the  data  management  system 
structures. 

•  fields  of  temporary  files  to  appropriate  fields  of  final  database. 
Ekctronk  Data  Yeriflcation 

•  Print  data  file  ouqwt  (dwckprint). 

•  Conqiare  number  and  identity  of  sanqdes  to  hard-copy  data. 

•  ConqMre  10  percent  of  values  to  original  data  sheets  received  firom 
laboratory. 

•  Proceed  with  manual  data  verification  procedures  for  100  percent  of 
values  if  discrqNucies  are  noted. 
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•  Check  for  oon^deleoess;  coo^Mue  data  received  to  analyaes  requested. 

•  Copy  and  archive  fidd  and  analytical  data  for  project  files. 

•  Amend  hard  copies  to  include  pertinent  infonnatioa  not  printed  on  die 
forms. 

•  dearly  mark  all  samide  jnparation  infrasiation  to  be  eniered  in 
database. 

Manual  Data  Entry 

•  Enter  data  into  temporary  database  files  that  will  be  loaded  into  final 
files  vdien  voification  is  complete. 

Ufonnal  Data  Voriflcatkm 

•  Print  a  dieckpcint  of  data. 

•  Ccwqnre  each  reccnd  to  tniginal  coded  sheets;  highlight  oonect  values; 
marit  incmrect  values  widi  revisions  in  red. 

•  Sign  and  date  the  first  page  of  eadi  data  listing. 

•  Correct  the  database. 

•  Print  diedqirint  and  ccmqnre  corrected  data  to  original  coded  sheets; 
repeat  until  all  corrections  are  oonqdeled. 

•  Bind  and  file  coded  data  sheets  and  cfaeclqnints. 

•  Convert  tenqwrary  files  to  final  files. 

Final  datidiase  files  will  be  converted  to  oomma-delimited  ASCII  format  for 
aobntittai  to  the  USAF  in  IRFIMS  format 
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1HY8ICAL  AND  ECOLOGICAL  CHARACTEBISTICS 


3.t 

3.1  OMi 


Hie  prindpel  fidon  affiBcdng  ttie  ci  Bmendorf  AFB  iadude  ternin, 

Iditiide,  ud  feogiqilM  podtiaa  idative  10  larte  lead  masiet  and  ooeens.  Hmendorf  AFB 
is  sttuilBd  in  a  tiandtkiaal  difnatic  aooe  between  die  inaiitiine  dimaie  effects  to  die  aoudi 
and  die  idefior,  or  continental,  climate  zone  to  the  nocth  ^dkiegg  et  al,  1972).  The  St 
EUas  and  Chugach  mountains  to  the  south  and  east  act  as  a  banicr  to  themuitime 
infhiencea  of  dm  noctiMcn  Pacific  Ocean,  while  the  Alaska  Rufe  to  the  nocth  pcotects  the 
area  from  the  eactreme  cold  air  masses  of  the  state’s  interior  region.  The  proximity  of  the 
base  to  Code  fillet  provides  additional  temperate  effects  on  the  climate. 

This  tiansitiooal  zone  eqieriences  a  reasonably  moderate  dimate,  generally 
lacking  extremes  in  pcecqntation  and  tentyerature.  However,  because  of  die  northern 
latitudinal  locatioa  of  die  base,  reduction  of  annual  iiqiut  of  adar  radiation  results  in  low 
anmiai  tentyerduies. 


3.1.1  ftedpitatioB 


Table  3-1  presents  monthly  prectyitation  data  for  Elmendorf  AFB  cdlected 
from  1941  to  1987. 

Average  annual  pceeqatation  for  die  Elmendmf  AFB  area  is  13.91  inches. 
Most  of  dus  predpitation  (9.ti3  indies,  or  61%  of  die  annual  precipitation)  foils  fimn  June 
dum^  October  (Leslie,  1989).  The  2-year,  24-faour  lainfoll,  a  measure  of  rainfoU  intensity, 
is  1.3  indies  in  die  Andmage  Bond  (Kfiller,  19^). 

Anmnd  net  prec^tation  is  die  mean  annual  precq»tation  minus  the  mean 
amioal  lake  evaporation.  No  value  for  mean  annual  lake  evaporation  was  available  from 
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Climatic  Data  for  Elmendorf  AFB 
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lileniuie  aomocg  or  local  meieoralogical  stations.  Using  a  mean  annuiA  leaqpennire  o( 

3S.3*F  and  a  mean  mual  psecipitslion  of  14.27  indies,  the  potential  and  actual 
evapotianspindon  ndes  for  the  Ancfaonge  area  are  estimated  to  be  19.25  inches  and  15.20 
indies,  respectively  Cl^omwaitB,  1968).  With  evapotnaiyiiation  rales  greater  than  the 
average  annual  prec^tation,  the  net  psedpitatkin  would  be  negative. 

Snow  with  minor  amounts  of  rain  is  prevalent  October  dirough  ^xiL 
Average  anowfoU  during  this  period  is  69.8  indies  (5.8  inches  oi  prec^tation),  which 
con^riaes  36%  of  the  annual  precipitation.  Rainfoil  averages  1.49  inches  during  this  same 
period.  Snow  usually  covers  the  ground  from  mid-October  through  mid-April  in  most  areas 
of  die  Anchorage  Bowl.  During  periods  of  snow  cover,  the  surfoce  soil  tenqieratures  would 
be  espected  to  be  near  or  bdow  freezing.  The  tredess  aouth-fodng  UulGEi  of  OU  5  often 
become  free  of  snow  by  late  Mardi.  A4jacent  areas  that  are  shaded  by  trees  are  not  free  of 
snow  until  late  April.  The  snow  dunyi  area  south  of  Sources  ST38/SS42  feeds  die  adjacent 
poods  with  mdt  water  until  mid-summer. 

3.1J1  Temperature 

Table  3-1  presents  tenqierature  data  for  the  Elmendorf  AFB  area  from  1941  to  I 

1987. 

Seasonal  variatUns  in  temperature  at  Hmendwf  AFB  are  exaggerated  because 
of  die  reduced  number  of  daylight  hours  during  the  winter.  However,  daily  fluctuations  in 
temperature  are  rdativdy  slight  January  exhibits  die  lowest  moodily  mean  temperature  at 
12**F.  The  higiiest  monthly  mean  temperature,  58*F,  is  in  July.  Daily  temperature  fluctu¬ 
ations  are  on  the  order  oi  15*F.  The  monthly  mean  tmiqierature  is  below  freezing  for  a 

5  months  oi  die  year  and  below  40*F  for  7  months  of  the  year.  Therefore,  the  ponds  and 
odier  stagnant  areas  of  surfoce  water  in  OU  5  can  be  eiqiected  to  be  frozen  at  least  5  mondis 
oi  die  year. 
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Ittle  3-2  Aowi  tte  wted  <&ectioa  by  pgeent  for  Ehnendorf  AIV. 

Abowe^fffoee  air  flow  fo  the  Etnoidorf  AFB  aiea  fo  feaeially  towiid  llie 
nortMtifl  and  aortiweit  Suifooe  flow,  however,  ia  more  variable.  Duiiag  sonuner,  ntfooe 
winds  blow  fooes  the  weat  and  narthwaat  omo  the  base  firom  Cook  Inlet  b  wiber,  these 
winds  are  mom  Uhely  to  blow  aomh  along  Knik  Arm.  Suifooe  wind  vdodties  average  3.8  ^ 

knots  (6.7  mnles  per  hour  [n^ih]),  although  channeling  oi  the  winds  near  Sh^  Creek  is 
oonunon,  widi  vclodties  leadung  S3  knots  (60  mfh)  (Rothe  et  al,  1983). 

3.2  w—it  SaBi  » 


Since  1930,  diiee  USOS  teams  have  m^>ped  the  region  thm  enoon^asses 
Elmendorf  AFB.  They  wem  R.  D.  bfiUer  and  Ernest  Dobrovolny  between  1950  and  1939;  ^ 

Heuy  SchmoU,  Ernest  Dobrovdny,  and  Qyde  Wahihaftig  between  1963  and  1972;  and 
Lyim  Yehle,  Ekniy  Sdundl,  and  Ernest  Dobrovdny  between  1987  and  1991.  All  mi^ 
wem  scaled  at  1:24,(XX)  (1  inch»2000  feet).  The  discussion  in  this  subsection  is  based  on 
these  USOS  iqMxts,  u  wdl  as  onsite  investigations  b^'  CH2M  HILL,  Bladi  ft  Vealdi,  Hard-  ^ 

ing  Lawson  Assodales,  and  James  Montgomery  Consulting  Engineen. 

3.2.1  fleghmal  l^friogrqUe  and  Gcologie  Settiag  I 

Blasendorf  AFB  lies  in  die  Cock  foiel-Sositna  Lowlmid  physfographie 
pravhioe,  wttia  an  informal  sdafiviskm  termed  die  Anchorage  Lowland.  The  hi^iest  point 
in  die  Anchorage  Loadand  is  about  380  feet  in  aldtude,  east  of  the  Knik  Arm  along  the  * 

Ehnendorf  Mordne.  About  9  miles  east  of  Elmeadorf  AFB  is  a  boundary  between  the  Cook 
bdet-Susitna  Lowland  and  the  Kemd-Chugach  Mountains  physiogiqiliic  provinces;  here  the 

-  » 

*OrifiMl  tOMW  (ftBwgg  at  ai.  1972)  dow  not  liit  dalM  ibr  lha  data  ia  TaUa  3-2.  Jaava  L. 

Wiaa,  ailiiad  Alafta  itala  diwMdnliniit,  aarimalnd  that  the  dala  waaa  wa— riaad  for  the  pariod 
fioai  lha  aad-lOSOa  lo  fta  aaify  1970s.  Fhoae  waivaisnioB  oa  Jaaaary  14, 1993. 
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raggnl  MoMrtifaig  riae  afanpdy  abowe  the  Aacfaenfe  Lowtaad  doeg  the  Chmecfa 

ItettiaftoeL 

in  gia  Anchongc  ana  «^w**««**  of  hH  partly 

dqwafta.  The  oidert  lodn  in  the  Hmendoff  AFB  an  conaoHdated  rodo  thn  form  the 
f>i^prh  iimMitatif  Theae  locks  an  a  cofl^dcx  iiuxtijn  (tf  defotiBed  aod  iBetaiiKxphoaed 
ndimcntary  and  igneoua  rocks  dcpoailed  during  the  Faleoeoic  and  Meaoeoic  etas,  about 
6S  to  6S0  million  yean  ago.  During  the  Tertiary  Period  Q,  million  to  63  million  yean  ago), 
aa  much  as  20,000  feet  oi  gravd,  sand,  and  organic  material-^naent-day  oongtomerate, 
sandstone,  nuidstane,  and  ooal—filled  a  gradually  sinking  trough  in  the  Corik  Inlet-Susitna 
Lowlttid.  These  modentdy  consolidated  rocks  occur  extensively  throughout  the  lowland; 
they  an  covend  by  about  1000  feet  of  unconsolidated,  surfidal  material  deposited  during  die 
Quaternary  Period  in  die  last  2  million  years. 

3.2JI  Wegiflsial  Snrflclal  D^oatts  and  Gconaorphology 

The  entin  legtonal  land  area  is  coined  by  surfidal  dqxMits  of  Quaternary 
age;  these  deposits  an  nuqiped  and  divided  mainly  on  the  basis  of  landform  boundaries. 
Surfidal  dqx»tts  within  the  region  consist  mainly  of  Pldstocene-age  glacial  drift  that 
indudes  extensive  areas  of  moraine  dqiosits,  as  well  as  related  gladoalluvial  and 
gladoestuarine  dqwsits.  Although  coveting  less  area  than  other  dqiosits,  nongladal  dqxisits 
an  widdy  distributed.  They  indude  intertidal,  colluvial,  alluvial,  bog,  and  anthropogenic 
(man-made  fill)  dqwsits. 


3.2,2.1  Glacial  Deposits 

Most  gedogic  landforms  and  surfidal  dqxwts  in  tiie  r^km  consist  of 
producfe  of  several  gladal  advances  and  retreats,  most  notably  the  ^K^sconsin  Qioch  glad- 
ation.  During  tins  epodi,  tiie  Matanuska-Knik  lobe  of  tiie  Naptowne  Glader  advanced  out  of 
tile  northeast  toward  tiie  soutiiwest  to  apfuoximatdy  the  position  mariced  by  the  Ehnemlorf 
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\  Monioe.  Hie  letrest  of  diia  glackx  lesolted  in  three  topognphic  subdiviaons:  gromd 

moninet  and  a  terminal  moraine  that  oompriae  the  Bmendocf  Moraine,  and  an  outwaah  friain 
extending  beyond  the  Hmendorf  Moraine  toward  the  south  and  west. 

The  ground  moraines  slope  gently  upward  toward  the  west,  ending  at  the  ter¬ 
minal,  or  end,  moraine.  Features  found  within  the  ground  moraine  include  drumlins,  esken, 
kames,  kame  terraces,  and  lakes. 

The  end  moraine  and  soudiem  boundary  of  die  Bmendorf  Moraine  is  visible 
as  a  rising  bluff  line  on  die  north  side  of  die  east-west  Bmendorf  AFB  runway.  The  topo- 
grqihy  this  end  moraine  is  rough  and  hilly,  with  elevatioos  ranging  from  200  feet  in 
altitude  at  the  bluff  edge  of  Knik  Arm  to  about  380  foet  at  the  eastern  boundary.  Relief  is 
not  uniform;  it  reflects  die  hilly  nature  typical  of  a  tenninal  moraine. 

The  relatively  smooth  outwash  plain  extends  south  of  the  moraine,  encompass- 
*  ing  the  region  soudi  and  west  of  Knik  Ann,  as  well  as  a  sizable  pmlion  of  the  Kenai 

Peninsula.  Relief  is  generally  flat,  with  elevatioos  tanging  liom  25  feet  along  Knik  Arm 
blufEi  to  225  feet  at  the  flank  of  the  EUnendmf  Mtnaine.  The  outwash  plain  also  has  been 
incised  by  stream  channds,  di^laying  die  braided  and  meandering  nature  of  fost-flowing 
streams  in  glacial  material.  Sh^  Creek,  which  parallds  the  Bmendorf  Moraine,  is  an 
example  of  an  incised,  glacial-fed  stream. 

The  main  dqxwt  types  found  in  these  landftmns  include  the  following; 

•  Morainal; 

•  Gladoalluvial;  and 

•  Gladoestuarine. 

Morainal  d^osits  consist  of  material  dqiosited  direcdy  by  glacier  ice  that  ' 
occurs  in  end  and  ground  moraines.  Morainal  deposits  consist  of  till  that  is  composed 
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mifailfy  of  diainirtna— a  pooriy  torted  nuxtme  oi  dqf,  alt,  suid,  and  gravel  with  pooriy 
ncled  dlty  and  andy  gnvd. 

Olacioalluvial  depoaits  are  compoaed  oi  naterial  depoiited  by  nimiing  water 
wid^  araoad,  and  dndoing  away  fiom  the  ^adal  ice.  Theae  dqaMits  geoerally  consist  of 
gravel  and  sand,  atthoiigh  some  dianiicton  and  finer-grained  material  is  oonunonly  present  in 

Wm— 


CBadoealuarine  depoats  are  con^oaed  of  material  deposited  in  estuaries,  partly 
by  glacier  ice.  Hwae  depoaits,  principally  the  Bootlq^ger  Cove  Formation,  typically  consist 
oi  dqrs  and  attts,  with  some  inlerbedded  and  scattered  coarser  material,  including  medium  to 
coBiae  sand  and  gravel. 

3,2,2,2  Naaglaelal  Dqioaits 


Most  nongladal  deposits  are  recent,  having  been  dq^ted  within  die  last 
10,000  yean.  These  dqwsits  induded  the  fdlowing: 


•  bitertidal; 

•  Qdluvial; 

•  Alluvial; 

•  Bog;  and 

•  Andunpogenic. 

Modem  intertidal  deposits  in  die  r^krn  are  limited  to  those  on  the  modem 
beach  bordering  die  sea  blu£6  along  Knik  Arm,  as  well  as  a  small  area  of  tidal-flat  deposits 
widdn  Gooae  Bay.  The  beach  dqmsits  consist  of  mosdy  sand  and  gravel  overlying  boulden 
and  cobbles. 
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Qdluvul  dqwsits,  or  colluvium,  are  dqwsits  ttutt  have  accumulated  on  or  at 
the  baae  of  slopes  with  die  aid  of  gravity  and  running  water.  Examples  are  found  in  die 
bluCEi  diat  border  Knik  Arm  and  locally  on  die  walls  of  a  few  channds  within  glacial 
deposits,  e^ecially  along  the  outwash  plain.  Colluvium  occurs  as  a  downsfope-thickening 
wedge  of  silt,  sand,  and  gravel  that  has  been  cut  or  eroded  by  streams  ra  waves. 

Other  surfidal  dqiosits  include  alluvial  dqxisits,  or  alluvium,  as  well  as  bog 
and  fill.  Alluvium  diat  is  not  direcdy  related  to  glacial  activity  is  restricted  to  stream 
alluvium  found  in  active  creek  beds  and  fen  alluvium  found  in  a  few  gullies  on  slqies  of  the 
Elmendorf  Moraine.  Alluvial  deposits  tyjncally  ccmsist  mosdy  of  fine  sand  and  silt,  but  sand 
and  gravel  are  dominant  in  some  of  the  r^ion’s  alluvium.  Bog  dqmsits  are  scattered 
duDughout  the  irregular  terrain  of  the  Elmendorf  hforaine  and  consist  mosdy  of  peat,  with 
varying  amounts  of  alt  and  sand,  as  well  as  local  lenses  of  t^hra.  Anthropogenic,  or  man- 
made,  dqwsits  include  areas  that  have  been  emplaced  or  reworiced.  Fill  deposits  ate  found 
diroughout  die  Andiotage  Bowl,  and  for  the  most  part,  south  of  die  Elmendorf  AFB 
runways.  The  fill  typically  consists  of  silty  <x  sandy  gravel  and  sand;  in  me  case,  it  also 
cmtains  fly  ash  material,  a  posmble  byproduct  of  the  Ehnendorf  AFB  power  plants. 

3^,3  Site  fiovestigatirm  Results 

Infinrnatim  m  soil  was  obtained  primarily  by  field  observations  during 
drilling,  and  also  from  physical  laboratmy  test  results  of  select  soil  samples  collected  during 
drilling.  Soil  boring  logs  are  provided  in  Appendixes  B  and  C.  Results  of  laboratory  tests 
of  physical  properties  are  discussed  below. 


The  soil  profile  of  OU  S  is  shown  in  several  figures  that  d^ict  the  area  in 
cross  sections.  Rgures  3-1  and  3-8  show  the  locations  of  the  soil  cross  sections;  Table  3-3  is 
an  expanded  l^end  for  the  cross  sections  presented  m  Figures  3-2  dirough  3-7  and  3-9. 
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Table  3>3 


Expanded  L^end  for  Ged<^  Cross  SectkHis 


PA  FLYASH  (fUL) 


OL  MOAHICSILT 

ML  sa.T 

sn.TwrrHSAND 
SILT  wmi  SAND  AND  GRAVEL 
SILT  WITH  (SUVEL 
SANDY  SILT  WITH  GRAVEL 

CL  CLAY 

SILTY  CLAY 
SILTY  LEAN  CLAY 

SM  SANDY  SILT 

SP  POORLY  GRADED  SAND  WITH  SILT 

POORLY  GRADED  SAND 
POORLY  GRADED  SAND  WITH 
(HtAVEL 

GRAVELLY  SAND 
SW  WELL  SORTED  SAND 


SPudGP  INTERBBEH>ED  SAND  AND  GRAVEL 
GM  POORLY  GRADED  SILTY  GRAVEL 
(Af-GP  POORLY  GRADED  «LT  WITH  GRAVEL 

GP>-GM  POORLY  GRADED  GRAVEL  WITH  SILT 

GC  GRAVEL,  VERY  CLAYEY 

GP  POORLY  CatADED  GRAVEL  WITH  SAND 
GRAVEL  WITH  SAND 
SANDY  GRAVEL 
GRAVEL 

GRAVEL  WITH  SAND  AND  COBBLES 

GW  WELL  GRADED  GRAVEL  WTIH  SAND 

WELL  GRADED  GRAVEL 

GW-GM  WELL  GRADED  GRAVEL  WTTH  SILT 


CLT  CLAY  (SUSPECT  DESCRIPTION) 

GC?  CLAYEY  GRAVEL,  0USPECT 
DESCRIPTION) 


—  -  —  ESTIMATED  BOUNDARY  BETWEEN  FILL  AND  NATIVE  SOIL 


-  •  •  •  (HtADATIONAL  CONTACT;  BASED  ON  MATERIAL  TYPE  OR  DEPOSITIONAL  TYPE 


SAMPLE  INTERVAL 


WATER  LEVEL  MEASURED  IN  BOREHOLE  DURING  OR  IMMEDIATELY  AFTER  DRILLING 


SOIL  BORING  LOGS  ARE  IN  APPENDICES  B  AND  C. 


CROSS  SECTIONAL  CHANGE  IN  DIRECTION 
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Soil  fitund  in  the  bluff  nmning  along  die  POL  pqidine  differed  distinctly  from 
soil  found  at  the  base  of  die  bluff  in  the  Ship  Creek  floodplain.  The  soil  numing  through 
and  along  the  top  of  die  bluff  fcdlowing  the  POL  pyieUne  corridor  generally  consisted  of 
diree  layers:  a  thin  veneer  of  loess,  gladoalluvial  dqiosits,  and  die  glackiestuarine  dqiosits 
that  con^tiae  the  Bootl^ger  Cove  Formation. 

The  loess,  a  ubiquitous  windblown  silt,  ranged  from  less  dian  1  foot  to 
8.5  feet  in  diickneas,  and  was  found  in  all  borings,  excqit  SB26  and  SB27.  The  windblown 
sUt  was  medium  to  very  stiff  and  contained  film  sand  seams.  Underneath  the  loess  was  a 
gradational  layer  of  granular  material.  This  gradational  layer  ranged  from  2  to  6  feet  in 
diickneas  and  consisted  of  hioae-  to  medium-dense,  poorly  sorted,  interbedded  layers  of  silty 
sands,  sands,  anc  ^avds.  The  underiying  gladoalluvial  deposits  generally  contained 
^  interbedded  layers  of  sands  and  gravels,  along  widi  an  occasional  coal  lens  as  thick  as  2 

inches  and  coal  firagments.  This  granular  material  was  loose  to  dense  and  ranged  from  about 
60  to  90  feet  in  diickiiess.  Interbedded  iayen  of  stiff  clay  and  silts  diaracteristic  of  die 
Bootlegger  Cove  Formation  were  found  53.5,  47,  58,  and  75.5  feet  bdow  the  surfece  in 
borings  SB19,  SB21,  SB23,  and  SB28,  leqiecdvdy. 

Fly  ash  qipears  to  have  been  used  as  fill  along  die  shoulder  of  the  bluff  in  a 
500-fool-loog  area  surrounding  Monitoring  Wdl  SPl-02,  and  at  least  a  1,000-foot-long  area 
surrounding  Monitoring  Wdls  SP2/64)3,  SP2/6-04,  GW-6A,  and  SP2/6-05.  The  extent  of 
fly  ash  surrounding  SP1-Q2  is  described  in  taott  detail  in  Section  3.2.3.3. 

The  soil  along  die  bottom  of  the  bluff  generally  contained  recent  alluvial 
dqiosits  and,  to  a  lesser  d^ree,  fill  and  cdluvial  dqionts  lying  on  beds  of  silt  and  day  fiom 
the  Bootlegger  Cove  Formation. 
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Alluvial  depoaits  woe  found  in  all  borings  along  Cross  Section  3-8  and  ranged 
in  diickneas  from  7  to  30  foet.  These  dq»sits  are  associated  widi  the  Ship  Creek  fk)od|dain 
and  alhivud  Ihna;  diey  generally  consisted  of  intetbedded  layers  of  wdl-giaded,  loose-  to 
medittm-dense  alty  clay,  silty  sands,  sands,  and  grawds. 

> 

Borings  MW13.  MWU,  MWIS,  and  MW16  also  contained  soil  that  can  be 
duuacterued  as  colluvial  or  alluvial  Cu  dqwsits.  These  dqxwts  ranged  fitom  about  10  to 
12  foet  in  diickness,  and  included  intetbedded  layers  of  peat  On  MW16),  silty  day,  clays,  ^ 

silts,  sands,  and  gnvds.  The  fine  nuUetial  was  medium  stiff  to  hard;  the  granular  material 
was  loose  to  medium  dense.  Silt  and  clay  beds  from  foe  Bootl^ger  Cove  Formation  were 
found  at  depths  of  14,  7.5,  and  IS  foet  in  borings  MW13,  MW16,  and  MW17,  reqiwctively. 

I 

Boring  MW08  also  contained  wdl-graded  gravd  wifo  sand  and  silt,  which  had 
been  used  as  subgrade  road  fill.  This  material  was  very  dense  and  also  contained  cobbles  as 
large  as  8  indies  in  diameter.  ^ 

3  J  J  J  Sofl  Ihysfeal  Anaiyaes 

Five  soil  sanqiles  were  reexamined  in  foe  CH2M  ttitj.  Redding  lAbmatray  to  8 

eifoer  verify  foeir  field  classifications  or  evaluate  their  fine  material  fractions.  Soil  samples 
were  collected  from  borings  SBOl,  SB19,  SB21,  and  SB28,  and  were  tested  to  measure 
liquid  and  jdastic  limits  (or  lade  of),  fdastidty  index,  and,  in  the  case  of  SB28,  particle  size  ^ 

distribotion.  ^^fifo  tfie  exoqition  of  a  silty  day  samirie  collected  from  an  interval  of  76  to  78 
foet,  tile  fine  fraction  was  so  limited  tiiat  liquid  and  plastic  limits  and  plastic  index  could  not 
be  measured.  Boring  sanqrie  5SB28-76  had  a  liquid  limit  of  19.5  and  a  plastic  limit  of  14.4 
aioog  wifo  a  moisture  content  of  13.2  percent  Based  on  the  USCS,  this  sanqile  of  tiw  * 

Boodegger  Cove  Formation  is  classified  as  silty  day. 
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Near  WcB  SPl^ 


As  meatioiied  abofve,  soil  samjdes  and  cuttings  from  the  boring  for  Monitoring 
Well  SPl-02  contained  fly  ash.  Fly  ash  was  a  by-product  of  coal  used  by  Elmendorf  AFB 
power  plants  until  the  late  1960s  tiriien  die  plants  were  converted  to  natural  gu.  A  power 
plaM  is  bbout  1000  foet  nordi  and  east  ot  SPl-02,  across  Bluff  Road. 

Well  SPl-02  is  8  foet  in  from  die  shoulder  of  die  bluff  and  was  drilled  to  52 
foet  According  to  die  boring  log,  fly  ash  was  found  from  dqiths  of  0.5  to  22.5  foet  bdow 
the  surface,  and  soil  with  interbedded  fly  ash  was  found  up  to  46  foet  below  ground  surface. 
Groundwater  in  SPl-02  was  measured  at  dqidis  ranging  from  31.5  to  32.6  feet  in  the 
summer  and  fall  rtf  1992. 


The  bluff  in  this  area  had  a  relief  of  about  30  foet  with  a  2:1  slope  focing 
south.  About  30  to  40  foet  on  the  nordi  side  of  SPl-02,  a  linear  dqpression  ran  paraUd  to 
and  following  Bluff  Rood  (Rgure  3-8).  V^etation  on  die  bluff  consisted  of  grass;  v^etadon 
on  die  slope  consisted  of  brush  with  willow  and  aldm  trees.  The  diameter  of  die  tree  trunks 
ranged  from  less  than  about  8  inches  in  die  immedialB  slope  area  around  SPl-02,  to  greater 
dian  12  inches  in  die  areas  300  foet  nordi  and  300  foet  soudi  on  the  sideriope. 

To  further  deflne  the  areal  and  vmtical  extent  (tf  fly  ash  in  die  vicinity  of  SPl- 
02,  10  test  hdes  were  dog  to  4  foet  and  grab  sanqdes  were  obtained  for  visual  identification 
from  the  bluff  shoulder  and  sideslope  (Rgures  3-8  and  3-9).  Ctdlecting  gnd>  samides  at  the 
shoulder  and  on  the  Uuflf  sideslope  allowed  confirmation  of  the  boring  log  descrqition  for  fly 
ash  in  SPl-02. 


Grab  sanqdes  were  collected  from  test  hole  TH-7  at  die  top  of  die  bluff.  Fly 
ash  was  found  from  0.5  foet  to  the  bottmn  of  the  test  hole  at  4  foet.  Samples  were  collected 
along  die  slope  about  8  foet  from  die  shoulder  on  a  sideslope  surfoce  to  a  dqNh  of  4  foet 
Fly  ash  was  found  from  surfoce  to  a  dqith  of  4  foet  in  test  holes  TH-1,  TH-2,  TH-3,  TH-4, 


I 


and  TH-S.  Tcit  bokt  TH-6  (170  feet  west  of  SPl-02)  and  TR-t  (23S  feet  east  oi  SPl-02) 

contained  inteibedded  layen  of  sib,  silty  gravd,  and  sandy  gravel  to  a  dqidi  of  4  feet.  * 

Sangding  lesubs  indicated  that  fly  ash  is  found  as  a  continuous,  borizoidal 
layer,  at  kMt  8  feet  diick  and  about  500  feet  long,  feom  SP1-QI2  to  foe  edge  of  foe  bluff.  By  l 

conrinning  and  extnpolating  sanqding  results  with  drilling  results  and  an  in^wction  that 
identified  foe  existence  of  a  dqnession  and  new  growth  trees,  foe  fly  ash  can  be  inteipreted 
to  exist  in  a  SOO-foot-long  area  that  varks  fiom  40  to  70  feet  in  width  and  is  probably  about 
20  to  30  feet  deep.  ^ 

During  foe  1992  investigation.  Add  confirmation  wu  not  performed  for  foe 
rqmcted  fly  ash  around  wells  SP2/6-03,  SP2/6-04,  GW-6A,  and  SP2/6-05.  I 

33  Hvdrolofy 

33.1  Hydrogeology  ^ 

The  hydiogedogy  of  OU  5  was  evaluated  using  lifoologic  data  collected  during 
drilling  operations  and  water  level  and  slug  test  data  collected  at  monitoring  wells.  The  I 

drilling  results  were  used  to  confirm  previouriy  rqxnted  lifoologic  characteristics  of  an 
unconfined  aquifer  that  constitules  foe  uppermost  of  three  bydrostratigrqfoic  units.  The 
water  levd  and  slug  test  data  were  used  to  evaluate  groundwater  flow  within  foe  unconfined 
aquifer,  (boundwater  flow  diaractetistics  of  the  confined  aquifer  are  discussed  briefly  using  * 

exisfotg  data  Ow  groundwater  flow  cfaaracterization  of  the  confined  aquifer  was  performed  as 
part  of  the  OU  S  investigation).  The  interaction  between  unconfined  grouiulwater  and  flow 
in  Sh^  Creek  is  also  discussed.  » 
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3  J.1.1  HfdnitnCivnpkie  Unlit 


The  jKincqMl  wtiabearing  units  within  OU  5  are  a  layoed  aequenoe  oi 
unronaoB^jed  sediment!  that  lange  in  litholosy  fhmi  coarse  sands  and  grevels  to  low  per¬ 
meability  silts.  The  coarser  sediments  are  oi  gladai  and  glaciofluvial  origin  and  were 
dqneiled  thiting  the  late  Pleistocene.  The  fine-grained  sediments  are  of  glacioestuaiine 
origin.  The  full  sequence  of  sediments  has  been  agnuated  into  three  mqjor  hydroetrati- 
gigihic  units.  The  stntigrqdiic  relationship  between  these  three  units  is  depicted  in  Figure 
3-10.  Hie  iqipermost  unit,  referred  to  as  the  unconfined  acpiifer,  consists  predomiiuuitly  of 
interiiedded  sands  and  gravels  with  thin,  discontinuous,  silty  zones.  The  middle  unit  is  the 
Bootlegger  Cove  Formation,  adiich  consiats  {Himarily  of  silt  and  clay  and  acts  as  a  confining 
unit  (or  aquilard)  sqmating  the  two  aquifers.  The  lower  unit,  referred  to  as  the  confined 
aquifer,  consists  of  interiayered  sUls  and  sands.  The  confined  aquifer  has  been  trqiped  by 
water  siqipty  wella  on  base  and  in  odier  parts  of  the  Anchorage  area.  The  general  lithologic 
characteristics  of  eadi  unit  are  wimmariTiirf  below. 

IhKOiiflned  Aquifer 

The  unconfined  aquifer  consists  predominantly  of  sandy  and  gravelly  sediments 
deposited  as  outwaah  near  the  terminus  of  die  coalesced  Matanuska  and  Knik  glaciers. 

^Kfiddn  OU  S,  die  unconfined  aquifer  consists  of  these  outwash  dqwsits  at  higher  devadons, 
and  of  recent  alluvial  sediments  found  at  lower  devadons  in  the  Ship  Creek  flood  plain.  The 
unconfined  aquifer  ranges  in  diidmess  fipom  less  than  10  feet  within  the  Shqi  Creek  flood 
jdain  to  as  mudi  as  80  feet  in  areas  of  higher  surface  devadon. 


8 


» 


» 


» 


The  Uu£b  along  the  north  side  of  Sh^  Credc  are  the  most  ngnificant  • 

tupographic  feature  in  OU  3  and  are  cut  endrdy  into  die  sands  and  gravds  of  the  unconfined 
aqinfer.  The  cross  aecdons  in  Figures  3-2  throng  3-7  and  3-9  illustrate  the  stradgrgihic  and 
topographic  features  of  the  unconfined  aquifer.  Detailed  descriptions  of  die  stradgrgihy  of  ^ 

the  unconfined  aquifer  in  OU  S  are  provided  in  die  boring  logs  in  Appendixes  B  and  C. 
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Hie  Bootkifger  Cove  Fonnation  oonaists  predomiiumtly  ot  silt  and  clay 
d^oaited  during  the  lale  stage  ci  the  Naplowne  glaciation,  near  die  tiine  of  wi»«nimn  ice 
extent  (Ulety  and  l^Kfike,  1983).  Regionally  thts  unit  extends  across  the  Knik  Arm  ud 
underlies  the  surficU  santb  thrmqhoat  most  of  the  Andiorage  area  (Ukry  and  Updike, 

1983;  Cederstrom  et  d,  1964).  Vl^thin  die  Sh^  Creek  drainage,  the  Bootlegger  Cove 
Ftnudion  pindies  out  nev  die  Chugach  Moimtains,  diminating  die  confining  layer  between 
the  confined  and  unoonfined  aquifers  in  the  area  where  bodi  aquifers  are  recharged.  Hie  unit 
tfeckens  toward  the  west,  and  the  upper  suifeoe  rises  in  elevation  so  that  it  is  eq»sed  along 
die  coast  and  prevents  unconfined  groundwater  from  discharging  along  the  Knik  Arm  eastern 
shordiae  (Freetfaey  et  al,  197Q.  Vlfiddn  OU  5,  the  Bootl^ger  Cove  Fbrmation  sqiaraies  the 
confined  and  unconfined  aquifers  and  is  iqipraximately  SO  to  200  feet  diidc,  according  to 
hiatasical  well  logs  (Cederstrom  et  al,  1964). 


Hie  confined  aqidfer  conrists  of  interiayered  sand,  silty  sand,  and  day.  Wdl 
logs  fer  wafer  si9^  weDs  drilled  on  or  near  Elmeadmrf  AFB  indicate  that  die  confined 
aquifer  is  ^nxoximaiely  S50  feet  dddt  (Cederstrom  et  al,  1964).  The  minority  of  the 
sediments  logged  in  dds  zone  are  eidier  glacial  till  or  fine-grained.  Hie  iqiper  SO  to  100  feet 
qipear  to  be  the  most  protfaictive  zone  in  which  to  screen  a  water  supfdy  wdl. 


33.1,2  Grauadwater  flow 


Hie  process  of  evaluating  groundwater  flow  widiin  OU  S  invcdved  several 
sl^.  In  die  hddal  ttep,  existing  Bterature  was  reviewed  and  a  ooncqitual  understandiiv  of 
rei^nnal  groundwater  flow  was  estabUshed.  The  data  collected  dutmg  die  OU  S  investigation 
were  then  evahiafed  and  inferpieled  widiin  the  context  of  the  r^kmal  setting.  Because  die 
unconfined  aquifer  is  most  vulnerable  to  contamination  by  surfeoe  sources,  emphasis  was 
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pboed  OB  uncterBinding  its  flow  diancleristics.  Groundwater  flow  data  from  die  confined 
aquiftr  were  not  ooUected  as  part  of  this  investigation. 


Hcgional  hydiogeologic  studies  have  shown  diat  die  unoonfined  aquiftr  is 
lediatied  Iqr  infiltcatioo  over  its  eodie  area  caqxMuie.  The  highest  rechaige  nit  of  the 
aquifer  occurs  along  die  slopes  of  the  Chugach  Mountains  and  along  the  upper  teaches  oi 
Sh9  Creek,  ud  Asdiaties  along  die  lower  readies  of  Sh^  Credc  (Wedcs,  1970; 

Cederstrom  et  al,  1964;  Waller,  1964;  Somers  «id  Marcher,  1965).  The  Elmendorf  Moraine 
acts  as  a  low-flow  banier  to  the  north,  and  the  upper  surfeoe  oi  the  Boodegger  Cove  uidt 
petfecins  die  same  function  to  die  west  and  along  die  base  of  die  unoonfined  aquifer.  The 
Boodegger  Cove  Fomuttion  acts  as  a  flow  barrier  to  die  west  because  its  upper  surfece  rises 
to  the  ground  surfece  along  the  coast,  vdiich  prevents  unconfined  groundwater  firom  dis- 
chaspng  rfirecdy  irtto  Knik  Arm.  These  barriers  cause  unconfined  groundwater  to  flow 
toward  the  lower  teaches  of  Sh^  Creek.  A  water  table  contour  rmqi  of  die  Anchorage  area 
(Dearborn  and  Fteeihey,  1974)  shows  that  unconfined  groundwater  flows  toward  lower  Ship 
Credc  frmn  the  aoudi  and  the  nordi,  then  moves  down  the  Shqi  Creek  valley  toward  Knik 
Arm.  This  pattern  suggests  that  unoonfined  gtoundwder  in  the  Shq>  Creek  drainage  basin 
flows  toward  the  credc,  eidier  entering  the  creek  as  base  flow  or  moving  down  the  vall^  as 
groundwater  in  the  recent  alluvial  sediments.  This  flow  pattern  places  OU  5  downgradient  of 
neatly  all  (rf  Elmendorf  AFB,  and  in  an  area  oi  groundwater  disduuge  to  Ship  Creek  and 
Knik  Atm. 

These  same  studies  indicate  that  Sh^  Creek  is  a  gaining  stream  in  its  lower 
readies.  Hie  unoonfined  aquifer  is  recharged  dirou^  alluvial  fens  along  the  flont  of  the 
Chugadi  Mountains  east  of  Anchorage.  Ntdural  groundwater  flow  is  believed  to  be 
westward  wife  disdiaiges  in  Cook  Inlet  and  Knik  Arm.  Because  of  these  flow  constraints,  it 
is  probaUe  that  imoonfined  groundwater  is  contributing  to  base  flow  in  fee  lower  teaches  of 
Ship  Creek. 
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Tlie  <tatta  uaed  lo  evahuae  unooofined  sroundwater  flow  diaiacteristics  in  OU  5 
indiided  tfme  rounda  of  water  levd  data  coUected  at  each  nM»itocing  well  in  Augutt, 
September  and  October.  In  additian,  hydraulic  conductivity  eetimatea  baaed  on  alug  teat  d^ 
for  11  neai^  inatalfcid  weUa  were  uaed  to  evaluate  flow  latea.  Theae  data  are  summarired  in 
Appemfix  E. 


The  OU  S  data  are  need  to  illuatiaie  the  groundwater  flow  direction  for  die 
unconflnedaquiftroaing  water  levd  contour  (Rgure  3-11).  Aa  with  the  baaewide 
groundwater  contour  map,  thia  nH|i  waa  generated  by  loiging  water  levd  data  collected  at 
OU  5  monitorii^  wdla  uaing  SURFER*,  and  wu  verified  by  comparing  to  a  hand-drawn 
map  created  uaing  linear  inteqxdatkm.  The  groundwater  flow  direction  and  flow  gradient 
Uluatrated  on  diia  map  repreaent  conditiona  on  September  24  and  25,  1992,  the  daya  when 
die  data  were  criDecied. 


The  flow  linea  on  Kgure  3-11  indicate  that  groundwater  flowa  toward  the 
aouthweat  on  the  caaten  end  OU  5  and  toward  die  aouth-aoudiweat  on  die  weatern  end. 

Thia  pattern  ia  conaialent  with  the  hypothesia  that  groundwater  enters  Sh4> 
Credc  as  base  flow  in  die  vidniQr  of  OU  5.  The  flow  gradient  also  ateqwns  on  die  western 
end  of  OU  3  in  teipooae  to  die  ddnning  of  the  unconfined  aquifor  at  the  baae  of  die  bluff. 

33  &noandwatcr-8arllBee  Water  fiateractions 


Baaed  on  poUiahed  atudies  of  regkmal  ftiw  in  the  Ship  Creek  drainage 
(Patrick,  1989;  Freeth^,  lSt76;  Weeks,  1970;  Dearborn  and  Freeth^,  1974),  it  is  believed 
that  anconfined  aquifer  groundwater  diadiarges  to  die  surfoce  in  the  vidniQr  of  OU  S.  This 
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dbckuie  it  imnifcHwi  in  sewenl  fixmt  ti'.h  at  teqw  and  wetland  pnndt,  and  at 

bate  flow  in  Slip  Cicdc. 

The  aeq»  obaerved  along  the  occur  at  an  devatkM  smilar  ID  that  (tf  die 
water  taUe,  wfakh  auggeatt  a  groundwater  touioe.  Water  hat  alto  been  obaerved  to  flow 
fiom  at  leaat  tome  of  diete  teept  during  eariy  winter  mondit  when  snow  coven  the  ground, 
fuidier  anggcaring  that  thete  teept  are  fed  by  groundwater  contiguout  with  the  OU  5  satu¬ 
rated  tone,  and  are  not  caused  by  localiied  perched  water  tablet.  Water  emerging  from  the 
nugoiity  of  Ihete  aeq»  it  routed  to  Sh4>  Credc  duough  the  local  storm  water  drainage 
networic.  Aldiough  no  measurements  of  seq>  flow  vdume  have  been  made,  moat  qipear  to 
be  tdidvdy  low-volume  seqw  (generally  less  dum  several  gallons  per  minute). 

The  ponds  within  the  OU  5  study  area  include  beaver  ponds  along  die  temoes 
of  die  OU  5  Muff,  and  low-lying  wedand-bog  pond  dqnesriona  akmg  die  base  oi  the  bluff. 
These  ponds  dram  feom  north  to  aoudi,  and  depending  on  their  location  downgiadient  from 
apedfic  OU  5  source  areas,  are  potential  recqnort  oi  contaminants  of  concern.  The  ponds, 
in  turn,  ditchaige  to  drainage  ditdies  that  route  OU  S  runoff  to  SI19  Creek. 

The  water  table  contour  nupt  generated  for  OU  S  indicaie  diat  groundwater 
flows  toward  Siqi  Catk.  Water  not  discharged  as  seqit  or  into  ponds  flows  into  SI19 
Credc  alluvium.  It  hat  not  been  determined  bow  much  groundwater  discharges  to  the  creek 
as  bate  flow,  nd  how  much  flows  duough  die  alluvium  as  underflow.  R^ardless  of  whidi 
flow  path  was  lidlowed,  die  data  cdlected  as  part  diis  investigation  ate  consistent  widi  pub- 
lidied  studiet,  whidi  indicate  dnt  unoonfined  groundwater  flows  into  die  Shqi  Credc  valley 
and  ultimatdy  to  Knik  Arm. 

StresuM 

Shi^  Credc  is  die  only  stream  idendfied  during  Add  invesdgdioos  as  bang 
potentially  affected  by  OU  5  source  area  runoff  (figure  2-7).  Odwr  stream  duumds  widiin 
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OU  S  serve  to  oonnect  die  wedand  pond  ^^ema  or  drain  them  to  Shqi  Creek  as  discussed  in 
die  fidlowing  section.  Hve  ssnqde  stations  were  selected  for  die  survey  of  the  credc,  three 
above  the  SI19  Creek  Hatchery  Dam  (SW/SEOl,  SW/SE02,  and  SW/SE03),  and  two  down¬ 
stream  ci  die  dam  (SW/SEll  and  SE12). 

The  headwaters  of  Ship  Creek  are  in  the  Chugach  Mountains  east  of 
Andiocage.  Nurnetous  mountain  tribmaries  contoiiie  to  form  a  channel  approximaldy  24 
miw  long,  which  ultimatdy  discharges  into  Knik  Arm.  The  total  area  of  die  drainage  basin 
is  117  square  miles.  A  4.2-mile  stretch  of  Ship  Credc  traverses  Elmendorf  AFB.  From 
1970  to  1980,  the  mean  annual  flow  fot  this  section  was  144  cubic  feet  per  second  (cfii) 
(USGS,  1981). 

Before  1942,  die  entire  length  of  Ship  Creek  was  open  to  owning  salmon. 
Hve  dams  were  built  afoog  Sh^  Creek  between  1942  and  19tS2.  The  Chugach  Dam  at  die 
Chugadi  Becttic  Association  power  jdant  is  about  one-third  mile  from  Knik  Arm,  and  the 
Sh9  Credc  Hatchery  Dam  and  the  Central  Dam  (sinoe  removed)  are  within  Ehnendocf  AFB 
in  die  lower  Shi^  Credc  basin.  The  Fort  Ridiardson  Dam  and  the  Anchorage  water  diver¬ 
sion  dam  are  on  the  Fort  Richardson  Army  Post,  upstream  of  Elmemkwf  AFB.  Three  of  the 
dams  were  once  total  barriers  to  salmon  migratuig  iqistream;  however,  fish  ladders  have  been 
installed  at  die  dams  in  the  lower  Shqi  Creek  basut  to  allow  fish  to  readi  owning  areas 
iqiatceam. 

Although  the  ADFO  blocked  the  fish  ladders  at  the  Shqi  Creek  Hafdiery  Dam 
because  they  were  concerned  that  salmon  dying  after  spawning  upstream  might  introduce 
infectious  organianis  into  the  hatdiery,  smne  adult  salmon  were  observed  above  this  dam  by 
Rodie  et  al  (1983).  Therefixe,  die  Sh^t  Creek  Hatdiery  Dam  is  not  a  conqdete  barrier. 
However,  die  iqipecmost  dam,  the  Andioiage  water  diverson  dam,  located  10.5  miles 
upstream  from  Knik  Arm,  is  40  feet  high  and  forms  a  comjdete  banim  to  salmon. 
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Flows  in  Ship  Cicdi  are  a  fiinctkxi  of  predpilalkn,  snow  mdt,  (Aversions  for 
raunid^  and/or  industrial  use,  and  redurfe  (loas)  to  the  groundwaler  system.  Sh^  Creek 
is  uaed  for  municipal  and  militaiy  water  supjdies  and  for  cooling  water  for  three  power 
plants  (Hmendorf  AFB,  Fort  Richardson,  and  Chugach  Electric  Association).  Average 
amuHd  diversions  for  die  power  {fonts  are  about  11  cfi  (COE,  1979),  but  most  of  this  is  re- 
tuned  to  the  credc.  Water  diverted  at  the  Anchorage  water  diversion  dam  supplies  about 
one-half  oi  the  munic^  and  military  demand  tor  Andiorage,  Ehnentkxf  AFB,  and  Fort 
Ridiardson. 


The  Bootlegger  Cove  Fwmation  that  forms  the  essentially  impermeable  layer 
between  the  shallow  unoonfined  groundwater  system  at  Elmendorf  AFB  and  the  underiying 
confined  Andmage  aquifor  is  present  under  die  lower  6  miles  of  Ship  Creek.  Above  that 
point,  fiows  in  Sh^  Creek  tqiparendy  recharge  the  Andiorage  aquifer.  Long-term  flow  data 
at  die  Anchorage  water  diversioo  dam  and  at  an  Elmendorf  AFB  gaging  station  4.7  miles 
upstream  from  Knik  Arm  indicale  that  some  upper  sections  of  Ship  Credc  ate  loring-stieam 
sections.  Apparendy,  about  17  cfr  (rf  credc  water  is  lost  dirough  the  glacial  outwash  material 
into  the  deqier  groundwater  system  (Wedcs,  1970).  The  lower  5  or  6  miles  of  Ship  Creek  is 
a  gaining  stream  because  flows  inoease  as  surface  water  and  shallow  groundwater  flow  into 
the  creek  and  are  retained  widiin  the  surfooe  drainage  by  die  underiying  Bootl^er  Cove 
Fonnation. 


Peak  flows  occur  in  Shqi  Credc  in  June  or  July  as  a  result  of  snow  mdt  in  the 
watershed;  low  flows  occur  in  Mardi,  before  brealoqi.  Based  cm  records  at  the  Elmendorf 
AFB  gagmg  atdion,  fimn  1970  to  1980  (USOS,  1980)  the  mean  armual  discharge  of  Ship 
Creek  tanged  between  91  and  2ti0  cfr,  with  an  average  of  144  cfr.  Both  minimum  and 
maximum  diadtatges  during  diis  10-year  {letiod  were  recorded  in  1971:  3.8  cfr  in  Mardi  and 
16(X)  cfr  in  August  Rodie  et  al  (1983)  observed  diat  a  sectum  of  Ship  Creek  from  the  Fort 
Ridiardson  and  Elmendcvf  AFB  boundary  downstream  to  die  eastern  end  of  the  golf  course 
was  dry  or  comifotdy  frozen  during  Matdi  1983.  It  has  also  been  stated  that  during  the 
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ttaSy  ipring,  tiie  wtSm  flow  in  Sliq>  Cicdc  may  be  withdrawn  for  cooling  water  at  the 
Blmendoff  AFB  power  plant  or  uaed  by  the  fish  hatdieiy^. 

33A  Floadi 

Four  poods  located  between  the  middle  and  bottom  the  OU  S  bluff  were 
investigated  duriag  this  RI.  As  dqncted  on  Figure  2-7,  they  are  (from  east  to  west):  a 
beaver  pond  just  northeast  of  the  old  power  plant  cotding  pood  (SW/SE13),  die  golf  course 
beaver  pond  located  just  northwest  of  the  old  power  plant  cooling  pond  (SW/SE04  and 
SW/SBQS),  die  beaver  pond  bdow  the  snow  di^iosal  area  and  just  east  of  Building  22-002 
0SW/SEO7),  and  a  pothole  pond  on  die  bluff  bdow  the  COE  building  (SW/SE08). 

The  pond  at  SW/SE13  is  1  to  2  acres  in  size  and  is  contained  between  die 
tduff  and  die  gtavd  haul  rood  connecting  Post  Road  and  the  gdf  course  dubhouse.  Inlets 
and  tHschaige  points  were  not  readily  observed  during  die  surv^,  but  it  appears  that  the 
seeps  and  springs  prevalent  aloog  the  bluff  pass  water  into  die  pond,  while  seqis  under  the 
road  pass  water  into  a  lower  gradknt  pood  on  die  opposite  side  of  the  road. 

The  gtdf  course  beaver  pood,  located  between  the  railroad  trades  and  Ship 
Ctedc,  is  qiptoximaldy  2  acres  in  size  with  a  maximum  dqith  of  about  8  feet  (avenge  2  to 
3  feet).  The  water  souroes  for  die  pond  are  a  drainage  ditdi  (located  between  the  bluff  and 
the  JP-4  tanks)  that  drains  the  i^and  wetlands,  and  se^  SL22  and  SL23  (Figure  2-2). 
During  both  qitiiig  and  summer  sam{ding  periods,  the  pond  appeared  to  be  disdiarging  at 
two  points  along  die  beaver  ^un  at  about  10  gallons  per  minute  (gpm).  As  shown  on 
Rgures  2-2  and  2-7,  die  tfischatge  routes  are  through  small  terraced  wetland  ponds  and 
streams  dat  ultimate  dischaife  direedy  into  Ship  Creek. 


*Thw  iafanairina  ww  otewasd  dotiof  pmood  communicaHom  wiUi  Alkn  Ridmood,  the  Bmendotf  AFB 
MiMil  inteea  phmar,  oa  OetolMr  S-10, 1991,  tad  nbnqueat  pboae  coavacwtkiiit. 
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Tte  bnvcr  pood  bdow  the  aww  dupool  aiet  is  abo  dMwt  2  toes  in  SUB 
(depth  aol  delenniiied),  sod  was  ohservcd  to  draia  into  die  wedands  between  the  base  the 
Unff  nd  the  lailioad  trades.  IXschaife  fkiws  woe  observed  to  be  dbout  S  to  10  gpm  during 
the  sampBng  period. 

The  pothde  pood  (downgradieat  <rf  the  CX)E  building)  is  at  die  end  a  haul 
road  about  halfway  down  die  side  of  the  Muff.  It  is  a  small  pond  about  300  square  feet  in 
surftoe  area.  The  pood’s  water  aouroe  is  most  likdy  fed  by  firings  or  seeps,  as  wdl  as 
siqiplied  from  predpitation  runoff  from  the  bluff  slope. 

3.4 

3.4.1  FepulatioB 

The  current  resident  population  of  Elmendorf  AFB  is  about  8600  people, 
consisting  mosdy  of  young  men  and  women  with  femilies  (CH2M  HUX,  1992b).  Children 
(defined  as  less  dian  18  years  of  age)  make  up  37  percent  of  die  base  population  (Harding 
Lawson  Associates,  1988b).  Most  military  personnd  and  dieir  femilies  probably  do  not 
^lend  more  than  S  yean  at  Elmendorf  AFB.  Smne  civilian  personnd  who  woric  on  base  but 
do  not  live  diere  can  be  eapected  to  qwnd  40  houn  per  wedc  at  die  base  for  several  yean. 
The  current  population  of  Andiotage  surrounding  Elmendorf  AFB  is  about  240,000. 

Only  two  residenoes  are  immediatdy  downgradient  of  OU  5.  They  are  located 
at  die  fish  hatchery  and  house  femilies  of  employees  of  the  Alaska  D^ertment  of  Fish  and 
Game  (ADFG).  Each  dwelling  houses  two  adults  and  two  children."  The  other  areas  down- 
gradient  of  OU  5  ate  primarily  used  for  industrial  or  recreational  purposes. 


"hitifric  <■  th»  kachMy  wm  otihiinwl  in  a  WltphaaB  ooBvamawa  wkk  Danatl  KhIw,  kadMiy  aBnasw* 
ADFO,  oa  OcloiMr  S,  1992. 
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Aa  wknown,  but  small,  nuodwr  oi  homeless  adults  occupy  tents  akMg  Sh4> 
Cieek  and  die  bluff  in  die  industrial  ana  west  (rf  the  OU  S  study  area.  The  mimter  of 
homeless  living  along  Shq>  Grade  am  be  eaqiected  to  decline  during  winter  mnntfia 
of  colder  leaqieratures.  Doting  the  RI  fidd  activities  in  the  summer  oi  1992,  shdiers  made 
of  pladk  sheeting  were  observed  on  die  bluff  between  the  COE  building  (Building  21-700) 
mid  die  lailrand  tcado.  At  die  same  time,  canqis  were  observed  near  a  beaver  pood  between 
Ship  Credt  and  the  ARRC  niliond  yard,  qipionfflatdy  two-thirds  mile  west  of  die  CCffi 
buOding. 


3.4,2  Use  and  Aeceas 


General  land  uses  at  OU  S  are  shown  on  Figure  3-12  and  described  bdow. 


Post  Road  is  used  as  a  nugor  access  route  onto  die  base. 

Bluff  Road  carries  traffic  along  die  soudiem  part  of  die  base  to  the 
power  iriant  and  COE  building. 

The  railroad  schedules  several  trains  a  day  through  die  area  near  OU  5 
in  die  summer,  fewer  in  the  winter.  Some  maintenance,  switching,  and 
storage  of  rail  can  occun  at  the  western  end  of  OU  5. 

The  Elmendorf  AFB  golf  course  in  the  southern  part  of  OU  5  serves 
military  personnel  and  guests  during  the  summer  and  provides  a  cross¬ 
country  siding  area  in  the  winter. 

A  popular  picnic  area  is  located  along  Ship  Creek  between  the  Post 
Road  gate  and  the  gtdf  course. 

The  hill  on  die  west  side  of  Source  SS53  is  a  popular  sledding  area  for 
mililary  fiunilies  during  the  winter. 

A  winter  snowmobile  route  parallds  the  inpeline  at  Sources 
SD4(VST46. 

A  limited  trout  and  salmon  lisbery  occun  on  Shqi  Credc.  Fishing  for 
trout  and  Ddly  Varden  occun  m^y  in  the  late  summer  and  early  ddl 
above  the  Chugach  Dam.  Fishing  bdow  the  CTiugach  Dam  is  primarily 
for  returning  salmon  during  die  summer. 


•  Tlie  fish  halcfaefy  has  a  viewiaf  area  on  Sh^  Credc  Oat  attracts 
approximatdy  55,000  visiton  per  summer  to  observe  salmon  retimiing 
to  ^lawn. 

•  The  area  southwest  OU  5  is  used  as  a  raiyor  industrial,  warehouse, 
and  commercial  area  for  Anchorage.  This  area  is  zoned  1-2,  heavy 
industrial,  by  foe  Municipality  of  Andiorage  (MOA). 

•  North  of  foe  inpeiines,  across  Bluff  Road  and  2nd  Street,  are  mi^ 
resideattal,  commercial,  and  industrial  areas  of  foe  base. 

•  Walking  trails  are  routed  along  the  bluff  area. 


During  foe  RI,  field  crews  noted  foe  following  activities: 


•  Two  adult  women  were  cdlecdng  mushrooms  on  foe  bluff  soufo  of  foe 
COE  building  in  late  August  and  early  Sq>tember. 

•  Two  teenagers  were  collecting  g(df  balls  in  Sh^  Creek  just  above  foe 
dam  at  the  fish  hatchery.  They  indicated  that  fois  was  a  frequent 
activity  in  foe  summer  months. 

•  Two  elementaty-age  children  were  playing  at  foe  beaver  ponds  near 
Sources  SD40/ST46.  The  children  had  built  and  launched  a  raft.  The 
children  stated  foat  they  and  their  friends  often  played  in  foe  area. 

•  All  along  foe  bluff  area  there  was  evidence,  such  as  handmade  ”f(»ts” 
and  tncyde  tracks,  foat  diildren  jday  in  foe  woods  during  foe  summer 
months. 


Access  to  foe  base  is  restricted  by  gates  and  fimces  and  is  limited  to  residents, 
woriters,  and  authorized  visilocs.  ^^sitors  generdly  have  to  eitter  foe  base  by  the  Bonifsce 
Parkway  gate  rafoer  foan  foe  Post  Rond  gate.  At  OU  5,  only  foe  underground  tanks  at 
Source  SS42  are  restiicled  by  fienoes.  The  railroad  proper^  south  of  Sources  SS37  and  SS38 
is  gencrdly  aooessibie  by  foe  casual  visitor  and  worker;  however,  foe  ARRC  has  posted  ugns 
to  foscomage  use  of  foe  right-of-way. 
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Thb  «4Mectk»  docribes  the  water  uae  downgiidieitt  of  and  at  OIJ  S.  The 
jefegmathin  peeieBted  cornea  fiora  interviews  with  peraooad  from  the  USAF  and  ADFG. 
Additinnal  infionnalkm  on  water  use  came  from  surv^  mailed  to  tenants  of  die  ARRC 
property  southwest  oi  CKJ  5  and  ibUowHqi  interviews,  literatuie  searches  and  coaqmter 
searehes  of  US(S  and  Alaska  Department  cf  Natural  Resources  (ADNR)  files  were  also 
comfaicled  to  identity  wdls  downgiadient  of  OU  3  and  otoin  drillen’  logs  or  wdl 
construction  logs  of  those  wdls.  finally,  observations  of  recreatiooal  use  of  Shty  Creek  and 
ponds  in  OU  S  were  recorded  by  the  CH2M  HILL  field  team  during  the  field  investigations. 

3.5.1  Upper  Aquifer 


Development  of  the  unoonfined  (shallow)  groundwater  in  die  lower  Shqi  Cndc 
valley  (Boniftce  Parkway  to  Cook  Ldet)  has  been  limited.  An  infiltration  gallery  constructed 
in  1946  by  the  ARRC  (then  owned  by  die  U.S.  Dqmrtment  of  Transportation)  wididrew 
water  fiom  die  creddbed  alluvium  dirough  a  24-indi  comigaled  ptye  at  a  capacity  of  about 
S  million  gallons  per  day  (mg^.  This  gallery  was  about  2  miles  downstream  of  the 
Elmendorf  AFB  boundary.  The  water  has  not  been  used  since  1952  because  of  contamina¬ 
tion  (Freediey  et  al,  197Q. 

Elmendorf  AFB  wdl  1  was  used  as  a  backup  drinldng-water  wdl  until  die  late 
i980s  when  TFH  and  ddorinated  advents  were  found  in  the  water.  Weil  1  (Building 
23-990)  is  a  shallow  wdl  (16  feet  deqi)  located  just  iqpgradient  the  OU  3  study  area  on 
die  north  side  ci  Sity  Ciedt  and  near  the  nmdi-soudi  runway. 

From  the  niid-1970s  to  die  fnid-1980s,  water  from  die  ttyper  groundwater 
aquifer  at  OU  3  was  used  for  fish  production  activities  at  the  fish  hatchery.  The  hddiery  is 
located  on  military  land,  and  is  operated  by  die  ADFO  under  a  cooperative  agreement  widi 
Elmendorf  AFB.  A  gallery  wdl  was  located  east  of  die  coding  pond  and  another  well  was 
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located  cut  of  the  halcliay  shop  ImUdii^  These  wells  were  abendooed  beomae  of  low 
pcodBClioa  and  praUeins  with  suspected  Aid  contamination.  Other  shallow  explontocy  wdls 
were  drilled  in  the  vichdqr  oi  die  ootding  pond  and  the  gdf  course  in  1969  by  the  USGS, 
and  in  1975 ADFG,  but  these  wdls  are  not  cunendy  used  as  a  wal»  siqiidy. 

3^^  Lower  Aqolfcr 

The  water  drawn  fimn  the  lower  groundwater  aquifer  at  OU  5  is  used  fm  the 
following  purposes: 


•  Drinking  water  and  other  dtnnestic  uses; 

•  hidustrial  pmposes; 

•  Coding  water  for  the  power  plant;  and 

•  Rah  producdon  at  die  fish  hatchery. 

The  following  paragiqilis  dscuss  die  lower  aquifer  uses  in  more  detail. 
Rgure  3-13  shows  the  location  of  wdls  and  the  location  of  businesses  contacted  during  die 
water  use  surv^. 


On  militaty  land  in  OU  5,  four  wdls  are  screened  into  the  lower  aquifer 
Base  Siqqdy  Wdls  2  and  52,  and  Hatdiery  Wells  2  and  3.  (Hatchery  Wdl  1  was  a  shallow 
production  wdl  that  was  abandoned  and  filled  in  because  of  low  yidd.)  Base  Supply  Wdl  2 
supfdies  coding  water  fin  die  power  plant  doting  low  flow  periods  in  Ship  Creek  and  serves 
as  a  backup  dtinldng-water  wdl  fin  Elmendorf  AFB  idien  Fort  Richardson  is  unable  to  meet 
die  demand.  In  spring  1992,  sand  was  drawn  into  the  well;  as  a  result,  the  wdl  was  taken 
out  of  use  in  die  fidl  of  1992  until  repairs  can  be  made.' 
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'liifhiMtina  oa  Bam  WeDt  2  «d  52  wm  «NmhwI  m  « telephnnn  ooovwHtiaa  widi  Jolu  B«boiir,  Bhnendorf 
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Bmb  Sopply  Wdl  52  saves  tlie  folf  course  clubhouse.  The  woa  is  used  for 
«i»faticfaig  eMfoTf  food  f— y— Hnw  j0  am}  10  rMiirtnn  The  wOa  is 

used  for  deenfan  foif  cuts.  The  dubhouse  is  in  opention  from  spprorimatdy  ^icil  to  the 
first  wedc  in  Octobu,  dqtending  on  the  weefoa.  The  fodlity  is  occasioittny  opened  during 
the  wintor  moidhs  for  perties  end  special  events. 

Hsacfaery  Wdls  2  and  3  were  installed  into  the  Iowa  u^ifer  at  the  fifo 
hatchery  in  1985  and  1991,  reflectively.  Atdiery  Well  2  opetatos  fiproxinutely  11 
months,  from  July  to  the  first  of  June;  foe  wata  is  used  for  incubation.  Hahfoety  Wdl  3 
operUa  for  fipradmaldy  6  months  eadi  year— July,  August,  and  February  through  May. 
The  two  productioo  wdls  are  not  used  for  drinldog  wata  because  foe  fodlity,  including  foe 
two  reaidenoes  at  foe  fish  hatchery,  are  connected  to  munic^  wata  suppUa.* 

Thirty  wata  use  surveys  were  mailed  to  land  tenants  in  or  neu  foe  industrial 
area  southwest  of  OU  5  (Table  3-4).  No  rcfionsa  were  obtained  fiom  two  of  foe  tenants 
afia  fdlow-iqi  phone  calls  or  visits.  An  additional  five  tenants  did  not  know  the  source  of 
fodr  wata  supply.  It  is  assumed  that  foose  tenants  who  did  not  respond  or  did  not  know  foe 
source  foeir  wata,  do  not  have  wata  on  foeir  property,  or  are  on  public  (MOA)  wata 
supfdies. 


The  fidlowing  four  ARRC  tenants  rqxnted  an  onsite  wdl: 

•  Inlet  ConfMiqr  (1833  Post  Road); 

•  K»d  (2433  Post  Road); 

•  StedFdi  (2132  Railroid  Avenue),  wfoidi  also  siqiidies  wata  fot  Testing 
Imtitnie  ot  Alaaka  (2114  Railroad  Avenue);  and 

•  Whdesaie  Distributora  of  Alaska,  Inc.  (2348  Post  Road). 
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AIVO,  am  OtHdbat  S.  1992. 


■  a  taiaphoae  ooovwHlioa  wilh  Darrall  Keifiar,  hatchery 
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'np  water  finm  Inlet  Company  and  IGM  was  sam|ded  dtoing  the  RI  fidd 
inveitigdion  became  of  their  praxinuties  to  die  Bmendorf  AFB  bomduy.  Both  oonqianies 
are  located  on  the  north  side  of  Post  Road  next  to  the  lailioad.  Inlet  Coaqwiy  is 
t^iproxiinatdy  dOO  feet  south  of  die  Bmendorf  AFB  boundary,  and  lOM  is  epptoximatrily 
300  feet  soudi  of  die  Bmendorf  AFB  boundary.  The  water  is  used  as  drinking  water  by 
aqdoyees.  No  residences  are  connected  to  die  wells.  No  diildren  or  dderiy  persons  drink 
die  water  on  a  regular  basis.  An  IGM  en^doyee  rqiorted  that  the  drinking  water  had  the 
smdl  and  taste  oi  feel,  although  sanq[ding  results  did  not  show  any  evidence  of  (»ganic 
contamination  in  that  water. 

Data  on  die  eight  wells  used  for  drinking  water  or  fish  production  in  the  OU  5 
area  are  shown  in  Table  3-5. 

3.5.3  SnrCaee  Wator 


Surfece  water  fiom  Ship  Creek  or  nearby  ponds  is  used  for  the  following 

purposes: 


•  Irrigation  at  the  golf  course; 

•  Cooling  water  for  the  power  plant; 

•  Fish  production  at  the  fish  hatchery;  and 

•  Recreation. 

Surfece  water  fimn  Shqi  Creek  is  used  by  die  Elmendorf  AFB  power  plant 
(Building  22-(X)4)  for  cording  water,  and  by  the  fish  hatchery  for  fish  rearing.  The  USAF 
siqiidies  warm  water  from  the  power  jdant  to  die  fish  hatchery.  ADFO  supfdies  the  fish  that 
are  used  to  stock  die  lakes  on  Elmendorf  AFB  and  operates  die  intake  system  fm  the  cooling 
pond.  Surfece  water  is  diverted  ftmn  Shfo  Creek  at  die  intake  building  located  east  of  die 
cooling  pond.  Ibe  water  is  carried  to  the  cooling  pond  by  a  36-indi-diameter  line  or  direcdy 
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Data  cm  Water  Sujq^y  Wdls  in  Vicinity  OU  5 


to  ttiB  halchny  a  3(MiiGli-<ituneler  line.  From  the  oocriing  pond,  water  it  p^ed  to  the 
power  pitttt.  Warm  water  is  letuned  to  the  coding  pond  and  mixed  with  cod  water  before 
being  used  in  the  rearing  poods  of  foe  fish  hatchery,  or  before  being  discharged  into  Sh^ 
Ciedc  bdow  foe  hatdwry.' 

ADFO  iqnrts  that  an  average  of  ^rproximately  4000  gpm  of  water  flows 
throng  the  hatchery  during  the  year.  Peak  use  occurs  in  Mardi  wifo  6400  gpm,  and  low 
use  occurs  in  Juty  and  Angaat  wifo  2,400  gpm.  These  figures  include  water  from  Ship 
Giedc  and  some  from  foe  wdls  on  the  property,  but  nd  the  heated  effluent  fimn  the  power 
plant  ADFO  estimates  foe  daily  water  draw  from  Ship  Credr  for  the  power  jdant  to  be 
1,200  to  1,500  gpm  firom  11:00  p.m.  to  6:00  a.m.;  4,000  to  5,000  gpm  from  6:00  a.m.  to 
4:00  p.m.,  and  6,000  gpm  frmn  4:00  p.m.  to  11:00  p.m. 

Surfhee  water  from  Sh^  Creek  is  also  used  fbr  irrigating  the  grounds  ^dien  foe 
gdf  course  is  open.  Water  from  foe  creek  is  routed  to  a  pond,  where  a  pump  lifts  foe  water 
into  foe  tprinlder  system.* 

Recreatkmal  uses  of  the  surface  water  in  OU  5  also  have  induded  fishing, 
wading,  and  fish  viewing,  as  previously  discussed  under  Land  Use,  Section  3.4. 


^WboMlioa  €■  the  «w  of  MiCw*  wiWr  W  dw  iMtdwiy  ad  power  pbnl  wM  (4>tamed  m  taleiAcHw 
oeawaliaa  wifo  Dana  KMfcr.lHidaBiyaMafer,  ADFO, «  October  tad  13,  1992. 

"letwWine  ee  nisWiae  a  foe  folf  coaa  wa  obliiad  m  e  teleptwoe  oonvwatioa  wifo  Xoba  Beifxmr, 


’APaousBimsnapMt 


Offioe,  a  October  13,  1992. 
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Ikijfrical  4^i«* 

like  lesultt  of  the  phyacal  meMuieiiientB  observed  during  die  fidd  study  are  sum- 
muiaed  in  ^ipeadbi  J.  The  predominent  lend  use  in  the  badcground  sampling  area  (MH)1, 
Figure  2-7)  WM  considcwd  Ibteat^wetland  aldtou^  the  site  was  located  within  the  confines 
of  a  nulitary  installafion.  Downstream  sanqding  stationa  widiin  the  017  S  study  am  were 
oomdered  oommerctal  (at  die  golf  course,  at  Salmon  Run  Park,  and  at  the  fidt  hatchery, 
l^pue  2-7).  One  sample  station  (Mill)  was  located  adjacent  to  a  culvert  at  die  end  trf 
Yakulat  Street  lids  am  would  be  classified  as  industrial  due  to  the  scn^  metal  yard  next 
to  die  sanqdeam 

The  stream  bonk  height,  which  vanes  with  dqidi,  was  estunated  as  the 
distance  from  the  surfine  of  die  water  to  the  top  of  die  bank.  Bank  height  at  the  reference 
station  was  leas  dian  3  feet  Downstream  stadons  varied  and  ranged  feom  teas  than  3  feet 
and  19  to  3  feet  Hie  oedc  width  in  die  areas  samided  ranged  from  30  feet  at  Station  Mill 
to  120  feet  at  the  reference  station  (MIOl). 

Iteldgh  water  nuuk,  evidenoedl^  stain  lines  and  debris  in  v^etadon  along 
the  creek,  wre  estimated  to  be  l.S  to  3  feet  kbove  die  bank.  Pndons  of  die  banks  adjacent 
to  die  sampling  areas  were  undercut.  The  canopy  cover  over  die  water  was  generally  less 
than  3  percent  (open). 

The  streun  bottom  was  composed  largdy  of  gravel,  cobble,  and  sand.  There 
was  litde  diffesenoe  In  substrMe  material  among  sites  except  fat  Station  MI12,  whidi 
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■diibHed  mom  cobble  iIm  mbcliBlB.  Silt  and/or  day  aiteiale  matwiali  were  abaent  fion 
lample  ddkwa.  BatoMive  at|«nk  wbstiaiB  inaterial  wai  fcoenlty  abaort  within  the  ttidy 
ana.  The  orianie  material  Oat  was  present  consided  of  logs,  twigs,  and  leaf  pocks  (oonrae 
particulate  orgnnie  matter,  or  (TOM).  There  was  littte  or  no  silt  and  mud  (fine  particulale 
organic  matter,  or  FPCAQ  present  The  sidMtiaie  material  exhibited  no  unusual  odors, 
or 

Water  Quality 

The  in-situ  water  quality  measurements  taken  at  the  Shq>  Creek  sampling 
stations  indicated  that  the  credc  was  in  good  cooditioo,  and  die  panuneters  measured  were 
within  stale  and  fedeial  criteria  for  the  propagatioo  and  maintenance  of  fish  and  wildlife 
(Appenduc  J). 


HaMtatAmaasnent 

The  halHlat  assessment  followed  the  procedures  of  Plafldn  et  al  (1989).  Each 
habhat  parameter  was  evaluated  and  numerically  soned  along  widi  a  rating  of  excdlent, 
good,  feir,  or  poor.  The  ratings  obtained  at  the  reference  station  (SMIOl)  were  considered 
the  base  condition.  All  odier  stations  were  compared  to  the  reference  site.  Ifebitat 
assessments  for  each  stttion  are  shown  in  Appendix  J.  All  stadons  were  considered 
oomparaUe  to  the  reference  site,  exoqit  Stadoo  Mil  (^90  percent  of  reference  evaluation 
score.  Appendix  J,  Table  J.3),  iriiich  was  considered  supporting  (75  to  80  percent  of 
reference  score,  ^ipeodix  J,  Table  J.3). 

Flmum:  Bcudiic  Macroinvertebrates.  A  list  of  die  benthos  ctdlected  from 
919  (}reek  at  each  station  during  die  ^ring  and  fell  samiding  periods  are  presented  in 
Appendix  J.  The  benddc  maooinveildirate  data  were  evaluated  using  several  ectdogical 
variables  (metrics)  diat  were  qipropriate  for  die  site  conditions.  The  rapid  bionsaessment 
protocols  for  use  in  streams  and  rivers  (RBP)  (nafldn  et  al,  1989)  provide  a  source  of 
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adiici  te  aMMariag  ttie  bcattde  oomnunuty  and  popMtetkw  abuctnie;  the  metrics  that  were 
aaed  aaaialed  ia  aaaeaaug  the  biotic  inlegrity  of  Shq>  Creek.  A  summaiy  of  Ae  benthic 
tnacroMwertehnae  aanyiing  reaute  for  Shy  Credt  is  pwaeittBd  in  ThMe  S-6  and  is  diacuMed 
bdow. 


The  ccmimunity  structure  (rf  Siy  Ciedc  benthos  during  the  spring  collections 
was  dominated  by  ocganianis  of  die  order  Dipteta  (flies,  moaquiloes,  and  midges);  Cunily 
Chitonomidae  and  the  class  (Xigodiaeta  (aquatic  worms);  fiuniliea  Lundificulktee  ud 
lOadidae.  QihemetoptBra  (Mayflies)  were  also  an  inyortant  conyonent  at  Sanqde  Station 
MIDI  (reftsence  atle)  and  M105  (Salmon  Run  Park)  (Figure  2-7).  Stoneflies  (Pleooptera)  and 
caddis  flies  (Trichapteia)  were  less  numerous. 

The  beaduc  yedes  ridiness  between  the  reference  station  and  die  downstream 
sites  varied  little.  There  was  a  trend  toward  increased  taxa  richness  downstream.  Likewise, 
the  EPT  index  remained  tdadvdy  constant  throughout  die  study  area.  The  EFT/C 
abundance  ratio,  ndiich  increases  as  die  abundance  of  mate  sensitive  organisms  increases, 
was  low  at  both  the  reference  rite  and  downstream  locations.  Species  diversity  was 
oonyathble  at  both  locations. 

The  dominant  community  functional  guild  was  cdlector-gadieters.  This 
flmctional  feeding  group  diqdayed  litde  difference  between  die  reference  site  and  down- 
sticnm  locations.  Other  significant  groups  were  die  predator-engulfers,  shredders,  and 
scryers.  Predator-engulfers  decreased  in  abundance  in  downstream  readies  while  shredders 
increased.  Soyen  decreased  bdow  reference  levds  only  at  Station  M103. 

In  general,  the  yring  cdlection  showed  good  similari^  in  macroinveridnate 
communis  structure  and  function  between  die  reference  site  and  downstream  rites  fnmi  die 
ycmg  cdkction  (^yendix  I,  Tdrie  15). 
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The  bcBthic  community  structure  of  Shy  Creek  dmiog  the  fill  oollectioM  was 
dominaled  by  tlie  ap<er  Eptaemooplent,  fiunity  Bphemadlidae  and  Heplaieniidae;  ct&ts 
D^plen,  ftmily  Chiraiioiiiklae;  oider  Tkichopten,  fiunily  moA  dais 

Oligochaeta,  fiimiMca  ijimbficuKdae,  I'fiadidae,  and  Tidnfkadae.  Mbyflka  were  the  doau- 
nnt  ma  at  the  wfcrence  lile  (Station  MM)1),  and  decwaaed  in  munecical  Abundance  in  a 
downatwam  directioo,  e^pedally  at  Station  Mill.  I^neia  increaaed  in  numerical  abundance 
in  a  downstream  duection,  paiticulariyStatioosMBlS  and  Mill.  Trichoplen  rinindanoe 
increased  at  Station  M102,  but  was  ftnenlly  the  same  as  the  reference  site  at  Stations  MK)3, 
Mill,  and  MI12.  The  aquatic  worm  populatioo  also  increased  in  abundance  in  a  down¬ 
stream  direction,  paiticolariy  at  Station  Mill. 

Species  richness  decreased  at  Statkms  MI02,  MH)9,  ud  MI12,  but  was  near 
the  reference  station  value  at  Station  Mill.  EPT  also  decreased  in  a  downstream  direction, 
and  the  EPT/C  abundance  ratio  was  lowest  at  Stations  MIQ3  and  Mill.  IMvenityand 
evenness  were  generally  higher  at  Statkms  M103  and  Mill,  reflecting  die  inoeased 
abundance  of  midges  and  a^iatic  worms. 

Community  functional  guilds  fluctuated  oonsidenbly  widiin  die  study  area. 
Senders  were  dominant  at  die  reference  (Station  MK)1)  and  Station  MHC  (Salmon  Run 
Park),  but  were  rqdaoed  in  dominance  by  ooUector-gadiesers  at  Stations  MI(X3  and  Mill. 
Station  MI12  had  a  more  even  mix  of  trophic  guilds  with  the  addition  of  a  greater  abundance 
of  shredders. 
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There  was  leas  aumlaiity  in  bendik  community  structure  and  funedon  between 
die  reference  site  and  diat  of  die  downstream  statkms  in  die  fell  cdlectkm,  e^mcially  Station 
Mill.  Downatream  Station  MK)2  was  more  simiiar  to  Statkms  MH)9  and  MI12  dum  Station 
Mill,  wd  Station  Mill  was  more  simiiar  to  Station  MK0  (Appendix  J,  Table  IS). 


i 


» 


AnousxMUiie«t 


3-38 


wm 

FUk  wuufUtifi  WM  ittBOplBd  ft  bftd^pftdk  decirafiibsr  st  stuioBS 
MlOl,iaO0,aidlfn9  9>ISun2-7).  BMed  oa  ft  levkw  of  Sotfie  ct  ftU  1913,  M  a|ifi^ 
iBic  nMni  pepmMKMii  of  luii  wonio  oe  ftppftitBi  m  tno  5Bq>  uonc  may  im.  nowewf, 
oidy  iocidoaldcaBoelloaiof  fiAoocaoed.  Two  lakrtww  trout  (OmcoiiiyiKim  iwyte),  och 
aboot  6  iadm  in  Ici^,  woe  colkctftd  ftom  pods  at  Refeieace  Statkn  MIDI,  and  about  30 
aBmy  acu^daa  (Cdmu  oogiutia)  measuring  ftom  1  to  2  indies  were  ooUecled  oveall  from 
SaiiiB  ftidoBs  MMfi  and  lfM)3.  Based  on  dm  Umhed  fish  population  observed  above  the 
Elfflendotf  AFB  hatdmry  dam,  resideat  fish  occuiwnce  will  not  be  oonsidend  as  an  indicator 
ot  habhm  amtability  hosed  on  potential  OU  5  contaminatioa. 

3,d.l,2  GoirConnaBenvcrPttid 
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Fbysieftl  Oharncteristlcs 


The  physical  dmncteristics  observed  in  the  beaver  pond  are  presented  in 


Appendix  J. 


Land  use  was  ptedominandy  oommocial  with  the  ARRC  ri^t-of-way  to  the 
nordi,  the  golf  course  to  the  east  and  west,  and  JP-4  tanks  to  the  east.  The  pond  was  formed 
by  ft  beaver  dam  at  the  west  cad.  Canopy  cover  was  generally  open.  Sediment  odors  were 
considered  normal  at  MKM,  but  the  distinct  smdl  oi  petroteum  was  present  at  MI05. 
Sediment  oils  were  conridered  riigltt  at  MHH,  mpearing  as  a  rimea  on  dm  surfrce  water  of 
Bonar  aaiw^  before  sieviag.  Sediment  oils  were  oonsideted  moderate  m  M1Q5. 
Qualbativety  the  nKnganie  substrate  material  at  MKM  was  composed  laigdy  of  sand,  some 
fine  giawel  malerid  widi  1  or  2  inches  of  fine  silt  on  top.  Station  MI05  inorganic  sidistiale 
was  composed  maii^y  of  silt  with  sonm  sand.  The  organic  substrale  oonGgmnent  at  MKM  was 
composed  of  fine  pmdoulaie  material  (nmck-mud),  while  that  of  MH15  was  laigdy  composed 
(tf  detritus  0ctf  packs,  twigs,  stumps,  and  submerged  logs). 
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Diaoived  oqnai  (DO)  wu  food,  except  at  Stalka  MHS  m  Ae  ipdiif  where 
a  DO  of  3.7  aag/L  was  neofded.  Terepereluree  flactualeid  Ada  between  ■«■»**<—  and 
aaaaona.  litondae,  condnaiviQf  waBaated  wlatweiy  cooalant  a  each  atreion  and  each  a 

■mplif .  The  pH  waa  a  or  nea  7.0  with  aome  fluchiaion  between  aampling  eventa  a 

iins. 


HahUa  Aaaaaanaent*  A  fornnl  habita  asaeasment  aiiiiila  to  the  credc  waa 
not  oondacled  dae  10  the  laefc  df  aifficieat  criteria  aaiementa  £or  leak  aystenia.  A 
qualitative  nanative  deacribinf  the  beaivcr  pond  hanta  is  preaented  aa  an  altenative.  The 
bottom  anbatnde  materia  varied  widiin  the  beaver  pond  imper.  The  northeast  comer, 
atQaoea  to  aecp  SL23,  was  oonqxised  ai  leaf  pada,  twigs,  decaying  log,  and  stumps. 

Beaver  have  downed  many  trees  adjaoea  to  Ae  northeast  and  southeast  oomen  of  the  pood, 
uAidi  have  laien  into  die  water.  There  is  more  CKBI  in  this  area  of  the  pond  then  in  the 
center  or  nea  the  beava  dam  itadf.  The  area  next  to  the  dam  was  open  wiA  litde  detrital 
material  on  the  bottom.  Dead,  but  standing,  trees  were  also  preaem  in  the  aouAem  area  of 
the  pond.  Cova  in  terms  of  canopy  was  considered  open.  Vegetation  cova  within  the  pood 
waa  esaendally  nonexistent 


Erosion  asaodated  wiA  die  area  surrounding  the  pood  was  not  present  Pood 
edge  stability  and  v^etation  were  sufficient  to  cmb  any  rum^  into  the  pond. 


the 


A  Uat  of  dm  beathoa  ooOected  from 
station  during  the  tyring  and  All  sampling  periods  is 


in'nbk3>7. 


The  benlhk  community  structure  m  the  beava  pond  was  dominated  by 
oqanianM  from  the  orda  Dtyteia,  e^mdalty  the  fimrily  Chirooomidae.  Membenttfdm 
chm  OHgochaeA  also  played  an  unportimt  role  in  community  structure  definition.  The 

amataranouswreawM  3-dO 


» 


i 


»  • 


P 


i 


Tables-? 


9 
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aboodnoe  was  gnater  at  Station  MKM  ttmn  at  Station  M105,  both  in  ^ring  and  in 
fidL  Tlwra  was  a  dacreaae  in  dqitenn  idHmdance  at  Station  MHM  between  firing  and  M 
coilectiona,  ud  an  inciease  in  dqderan  abundmce  at  Station  M105  during  tbe  same  sangding 
ttmefiaune.  This  wu  attributed,  at  kast  in  pari,  to  seasonal  changes.  Numerical  abundance 
of  aqumic  wonns  was  low  at  Station  MH15  when  oonq»ied  to  Station  MKM,  eqtecially  in  the 
spring  collection. 

Species  ridinem  was  higher  at  Station  MI04  dum  at  Station  MH15.  Conqiari- 
aon  of  collection  periods  for  bodi  locations  indicated  essentially  litde  seasonal  diCteenoes. 
Diversity  and  evenness  were  low  at  both  locations  and  differed  between  location  dqtending 
on  the  aanuding  period  CIbble  3-7).  Standing  water  habitats  Gentic  systems)  generally 
exhibit  lower  taxonomic  diversity  than  flowing  watm  habitats  (todc  systems). 

Macroinvertebtate  Aincdonal  guilds  were  dominated  by  coUector-filterers  in 
die  qxing  sampling  at  both  sites.  The  midge  Tanytarsus  sp.  was  die  iHindpal  representative, 
and  was  probably  acting  in  several  troiduc  feeding  roles  widiin  diis  system.  Although  this 
taxa  remained  a  dominant  fector  at  Station  MI04  in  August,  other  trophic  components  bqpm 
to  dominate  (ooUector-gadieren).  Likewise  the  trophic  structure  at  Station  MIQS  dbanged  in 
the  fell  with  an  increase  in  die  number  of  jnedators. 

At  Station  MK)4,  cmnmonity  structure  between  die  two  sample  periods  (qiring 
and  fen)  was  very  similar.  Likewise  there  was  stmie  similarity  between  bodi  Station  MHM 
sanies  and  that  <rf  the  June  aanqiie  at  Statioa  MKIS.  The  August  samide  at  Station  MIOS 
was  different  in  community  structure  due  to  a  loss  some  similar  taxa  (Appendix  J). 

Hbmai  Flah.  Rrii  sanqding  was  attempted  widi  a  backpack  dectrrdisher  at 
Sanqde  Stations  MI04  and  MIOS;  however,  no  fish  were  observed  inhalntiiig  the  gtdf  course 
beaver  pond. 


AnousBimsnwoft 


3-64 


3^1.3 


Plyricai  diMicteriitk  isaociate^  wiili  levenyi  le^  ud  pools  umpleri  wiiiitii 
the  CXJ  S  am  aie  pmented  in  Appendix  I. 

Fndominaas  land  use  was  oooadend  ooaunefdal  due  to  die  location  of  these 
ales  near  die  AJtRC  nghHrf-wiqr  and  yard,  and  proximity  to  Hmcndorf  AFB  operations. 
Guopy  was  fenerally  shaded  except  for  MI07,  ndudi  was  open. 

Sediment  odors,  oils  and  dqiosits  varied  between  locations.  A  distinct  smell 
of  petroleum  was  evidem  in  sediments  from  MH)6  and  MHW.  Ferric  hydroxide  (rust  colored 
floocukat  material)  was  quite  prevalent  at  MI06.  Organic  substrate  composition  also  varied 
between  locations  and  was  dgiendent  on  the  amount  of  canopy  cover  (source  of  detiital 
material).  Inorganic  sobstiale  oonqwsition  was  similar  at  Stations  MI06  and  MI08.  The 
pool  assoriated  with  the  snow  mdlt  am  was  composed  mosdy  of  a  thin  layer  of  foie  organic 
material  over  sand  mid  fine  gravel. 

Water  Qually 

The  in-situ  water  quali^  measurements  taken  at  die  seqi  and  potd  areas  are 
presented  in  ^pendix  J. 

Ih-stttt  water  quality  parameters  measured  at  seqis  and  pools  were  considered 
adequate  for  the  siqiport  of  invertefoale  populations.  Dissolved  oxygen  at  Stations  MI06  and 
MH)6  was  less  than  5  mg/L,  which  may  not  siqiport  hi^ier  vertrinte  mganisms  (fish). 
Petroleoffl  odor  was  also  noted  in  the  water  taken  at  M106  and  M108,  and  a  sheen  on  die 
sutfooe  water  wu  observed  at  Stmion  M106. 


rAnovsavniipMt 


A  fiornal  habitit  asiettiiint  itinflar  to  Alt  done  at  endc  wu  not 
coadncted  doe  to  the  ladt  of  arfBcicnt  critnia  <atemaita  for  kntic  qratemi.  SubMiate 
mfoerial  varied  bctiveoa  all  ttuee  locationa. 


The  boOom  material  awociated  with  MI06  (pool/wedand  area  adjacem  to  ieq> 
ST3^  waa  compoaed  of  silt  and  vctetaMe  detritoa.  althou^  stream  bank  atalnlization  and 
cover  was  good,  die  riae  tad  depdi  of  die  area  would  probably  predude  its  uae  by  fish. 

Substrate  material  at  MI07  was  composed  of  packed  sud/gravd  covered  with 
a  thin  layer  of  silt  Mb  aquatic  vegetation  was  noted  diat  could  provide  cover  for  aquadc 
verteiMates.  The  vegetative  cover  asaocialed  with  die  riparian  aone  generally  gie 

area  from  erorion,  except  in  front  of  the  snowmdt  pile,  which  ctuttainwH  large  amounts  ai 
dirt  and  deims. 

Site  MI08  (Uoff  pond)  was  a  small  pool  filled  with  leaf  litter  and  detritus. 
Human  deinis  (dd  dies,  construction  materials,  grass  clippings,  and  leaf  litter  collectioas) 
were  prevalent  in  areas  atiyaoent  to  die  pod.  Pood-side  vegetation  and  bank  stability  were 
adequate,  but  erorion  from  a  road  leading  to  die  pod  was  evident. 

Ftaaos  BentMc  MacreirwertelHrdea.  A  list  of  the  bendios  collected  Ircmi 
wedand  pood  (ME)Q  during  the  June  sanqding  period  is  presented  in  i^ipendix  J.  The 
benthic  macroinvertebiate  data  were  evaluated  using  the  same  ecological  variables  (metrics) 
dud  were  used  for  die  gdf  course  beaver  pood. 

The  benthic  community  structure  at  Station  MI06  was  domiiuded  by  taxa 
rquesendi^  die  order  DqUera,  fiunily  Chironomidae;  and  die  dass  (Xigochaeta,  fomilies 
LmhbricuHdae  and  Tdufiddae.  Dominant  representatives  of  these  grwqw  are  considered 
eqiedally  tderant  of  organic  pdludon. 
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%MdM  liciMM  WM  foixlt  >Bd  fuilB  linyiar  to  Stttkm  MHH  is  the  lMBv«r 
poad.  Divenity  Md  wcnaea  wen  also  oooikterad  aniilar  to  lliat  the  bovcr  pood. 

Fimctionally,  Statkm  MR)6  was  dominated  1^  both  saapets  {fhaenopucara 
sp.)  and  ooUaclorjadienn  (aquatie  wonns). 

Because  of  its  unique  halutat,  die  canmuoity  itiucture  at  Station  M106  was  not 
shailar  to  any  other  siatkMtt  within  the  study  area.  The  doaest  similaiity  would  be  Station 
MHIS  (August). 


\ 


Qualitative  invertebtate  cdlections  (RBP  I)  from  MI07  and  MI08  was  less  in 
spring  of  1992  contained  mostly  dadooerans  (wmer  fleas),  culidd  (mosquito)  piqui,  and 
chiranomid  (midge)  larvae.  The  physical  stnicture  d  these  ponds  was  considered  unique  to 
the  atwfy  area  (dosed  systems  for  the  most  part)  and  as  sudi,  influence  the  (uota  present 
The  presence  of  dadocenuis  in  die  water  cdumn  suggest  that  at  least  that  portion  of  these 
two  pools  nqiports  some  astatic  liie.  Likewise,  the  near-bottom  sediments  of  MI07  uduch 
contained  some  dnranomids  would  also  qipear  to  support  a  restrictive  benthic  community. 
The  bottom  substrate  <rf  MHM  (bluff  pood)  was  appaicndy  devoid  of  organisms  and  may  not 
siqipoct  aquatic  life  use. 

Fanna:  fish.  Drainage  thtdies  were  not  sanqded  for  fish.  However, 
fdkming  a  dye  tiaoer  study  conducted  in  Seplenriier  1992,  approadmatdy  a  dozen  fish  were 
observed  in  a  stoftce  drainage  ditdi.  Juvenile  (barred)  salmonids  (not  ooUected  or  identified) 
were  observed  swinuniag  in  a  drainage  ditch  udiere  a  stormwater  culvert  sutfines  at  the 
junction  of  Post  Road  and  Whitnqf  Road,  qtptoxinuddy  1500  feet  northeast  d  Sh^  C^reek 
(Sanqde  Station  SW/SE  !()).  R  qipears  tint  die  fish  had  moved  fecrni  die  excavated 
pit/weCbuid  bestver  pond  next  to  Sh^  Creek,  and  ftdlowed  the  flow  in  the  drainage  ditdi  dut 
paralleis  the  imboad  qwr  as  riiown  in  Hgure  2-2.  Aldiough  fish  could  not  be  observed  in 
the  culvert,  fhqr  were  observed  orientiiv  to  die  flow  at  die  fine  d  the  culvert.  When  dis¬ 
turbed,  they  disiqipeared  into  the  imdescuts  and  vegetation  overgrowth  of  the  drainage  ditdi. 
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TutmiMd  ■Inwniili  Timrr  ntrtfirrit  aeddaig  eovcr  the  aMin  dndfMfe  dtidi  Aitiiig 
ftvther  WiMtf  Mfvqr. 


Mecroiemtcbriteg.  The  laiid  uae  within  the  study  area  akxif  Ciedc 
chanfes  from  frresled/wooded  at  the  reference  site  to  oommescial  (golf  course,  park,  fish 
haidiery,  acrq>  metal  yard)  at  downstream  locatioas,  udiidi  may  influence  aquatic 
communitieB  in  the  downstream  readies  of  the  ciedc.  Instieam  physical  characteristics 
remam  idativdy  the  same  between  locations,  md  the  hhbitat  assessmem  suggests  tiiat  all 
■*■**«««•  thttnU  be  oqiaUe  of  supporting  similar  communiQr  structure  and  fimction. 

htocroinvertebrate  community  structure  and  fimction  were  relativdy  the  same 
between  the  reference  sitB  and  downstream  sites  during  tiie  spring  sanqiling.  However,  there 
were  noticeable  differences  in  die  fitil  samjding  event  The  fitil  cdlections  indicated  a  shift 
in  commuBity  structure  and  fimction  from  a  dominance  in  intolerant  qiecies  to  a  community 
stnictnre  tind  was  considered  more  ttderant,  particularly  at  Station  Mill. 

Ush.  Fish  sampling  resulted  in  the  incidental  cdtoction  of  two  rainbow  trout 
in  poob  at  fee  upstream  lefcwnoe  samide  station,  and  about  30  slimy  acu^nns  at  the 
downatieam  sample  witiife  OU  3.  Fhyrical  anmnalies  were  not  qiparent  and  no 
condushms  east  be  feawn  about  potential  OU  5  effects  to  fish,  because  (rf  die  lintited  sanqde 
sire  and  msukiad  habhat  in  feis  readi  of  Sup  Ciedc. 


The  land  use  within  die  vicinity  of  die  pond  was 
pihnarily  Physical  chnacleristies  between  fee  two  sanqde  stations  were  diffo- 
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CM.  Bond  ailBrid  at  MBS  had  mon  detritus  thaa  1004.  Likawiae  the  distfaict  meU  of 
pctroieow  praduds  ivac  evident  at  MBS. 


The  benthic  community  differed  between  these  two  sample  itationi,  paiticu- 
laity  in  dM  lone  ooOection.  Theca  was  also  a  decraase  inlolenBC  tan  aasodaied  with 
boaom  sediments  at  SMBS,  indieative  of  severe  iiqioeL 

Fhh.  No  fish  were  observed  inhabiting  the  pond,  although  the  halniat  may  be 
suitaUe  if  aquatic  vegetation  and  other  cover  features  were  pceseM. 


The  promineot  land  use  was  oonunecciM.  The  physical 
dominated  by  delcital  material,  with  a  distiiiet  amdl  of  petroleum  product 
An  otanga/rnat  oolared  material  (iron  bacteria)  was  prevalem. 


The  maaoinvertelnaie  community  was  dominated  by  organisms  that  are  con¬ 
sidered  tolerant.  Ahhoogh  the  community  structure  was  restricted,  physical  conditions  did 
not  prednde  the  erialenoe  of  aquadc  life. 

FUh.  The  plqraiod  habriat  is  not  niitM>le  for  firii  qwcaes. 


Qualitative  invertebrate  collections  conducted  at  both  of 


dieae  ponds  indicated  the  presence  of  azotic  life.  Invertebrate  community  structure  was 
considered  restricted. 


Hah.  The  anowmdt  pond  qipean  to  provide  suitaUe  physical  habitat  fer  fish, 
atdioogh  none  were  observed.  The  Muff  pond  is  not  suitable  for  fish  habitation. 
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3.iJLl  BiMMindVttrtitlHi 


Ite  pacnl  kibtat  feafauti  witfate  OU  S  ve  ilhutmed  on  Hgwe  3-14,  wd 
die  various  hiliM  Qqpei  m  deaciibed  in  Iha  fcllowios  soctioiii. 


The  dirirflmtioa  and  composifion  o£  hrinlat  types  within  OU  S  are  fenoally 
similar  to  their  occuncnce  in  (Rothe  et  al,  1983,  CH2M  HILL,  1992c)  to  toe  extent 
that  toqr  woe  described.  Di^ddn  OU  S,  toe  halntat  nu^ping  by  Rothe  et  al  (1983)  did  not 
indude  toe  anas  between  toe  Unff  and  laOraad  tracks  west  of  toe  junction  of  Reeve 
Boulevaid  and  Boat  Rood;  these  areu  am  outside  Bmendorf  AFB.  However,  fitom  the  aerial 
photognyhs  taken  in  1982,  moat  of  that  met  (including  all  ci  Source  ST37)  appeared  to  have 
been  a  balsam  poplar  (Paputus  bahai^fim)  finest,  as  it  was  during  the  1992  surveys. 

Rem  the  snow  diqtosd  area  (near  SL28)  eastward  to  Post  Road,  most  areas 
between  toe  bluff  mid  toe  ndlroad  tracks  were  occupied  by  a  mixtuie  <rf  woody  ^tedes.  The 
area  included  trees,  shrubs  and  understory  qwdes  Qppical  (rf  the  closed  balsam  poplar  finest 
mid  dosed  alder  (dbwr  sp.)  tdi  setub-dinib  tom  were  nupped  in  this  area  (Rothe  et  al, 

1983).  One  nomble  excqition  was  toe  mparem  dmenoe  (rf  devil’s  dob  {EMnapanax 
honkbm}  and  hrmr  abundance  of  highburii  cranbeny  (VUwnum  edtOae)  and  Awencan  red 
currant  (Wbef  trtste)  than  tom  of  cow  paranqi  (/Benckwa  laMaam)  in  toe  undetstory. 
Between  toe  raOeoad  tacks  and  Pom  Rood,  the  habkm  was  largely  open  wito  apedes 
rhaartwiatic  of  toe  Muijjoim  grass  amric  giaminoid  herbaceous  ^fpe.  In  addition  to  grasses 
and  sedges,  toere  wem  various  herbaceous  plants  sudi  as  fireweed,  cow  parang,  yarrow 
(deWBee  boranlXri*  tmd  horsetail  hi  tois  area.  Trees  mid  shrubs  were  limited  to  a  few  small 
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MXEO  l1«E/SHRili|/<MA4lC  ' 
^WETLANDS 

STRUCTURES,  ROADS.  OR  ORAVBL 


FIGLWE  3.1/ 
GENERAL  HABITAT 


OMBCORF  At 
M40«MAQE.  AL- 


FIGURE  3.14b 


licMt  aictt  between  Bluff  Roed  and  the  bluff  are  mowed  petiothcally;  the 
vegetation  obaerved  during  the  investigation  was  limited  to  short  grass.  (This  was  also 
typical  oi  ottier  areas  north  of  Bluff  Road.)  Woody  violation  was  limited  to  dm  tqiper  edge 
of  the  Muff  in  most  of  those  areas.  East  of  Post  Road,  most  of  the  grass  between  Second 
Street  and  the  ARRC  railroad  tracks  and  in  a  small  area  southeast  of  die  railroad  crossing  on 
Post  Road  was  mowed.  Howevmr,  in  the  vicinity  of  SL31  (see  Figures  2-1  and  3-14),  the 
vegetadon  consisted  primarily  of  grasses  and  herbaceous  idants  that  had  not  been  mowed. 

A  narrow  strqi  of  balsam  poplar  f(»est  also  occurred  along  the  low  bluff  north 
of  the  railroad  to  the  cast  of  Post  Road.  In  that  area,  there  was  mudi  less  topogtiqihic  relief 
than  along  the  bluff  west  of  Post  Road.  This  string  of  woodland  extended  from  Source  SS53 
eastward  beyond  Source  ST46,  along  the  north  side  of  the  railroad  tracks. 

Most  of  die  area  east  of  Post  Road  between  the  ARRC  railroad  tracks  and  Ship 
Creek  was  a  mosaic  of  habitats  dcnninated  by  trees  and  shrubs.  The  habitat  types  were 
similar  to  those  mspped  by  Rothe  et  al  (1983).  They  included  floodplain  open  cottonwood 
{PapUba  i7fohociiiipa)-white  qmice  {Picea  glauca)  forest  and  closed  alder  tall  scrub-shrub, 
along  widi  mesic  gramimnd  herbaceous  (sedges/blugoint  grass)  habitat. 

Wetlands 

Wetlands  of  varying  sizes  and  types  occur  throughout  OU  S.  Th^  were 
commonly  noted  as  pools  or  streams  along  die  lower  edge  of  the  bluff  west  of  Post  Road, 
with  the  larger  ones  near  SLQ5,  S1j06,  SLOT,  the  snow  diqiosal  area  (and  downstream  beaver 
ponds  between  diere  and  die  railroad  tracks),  SL16  eastward  to  SL2S,  and  die  area  east  of 
SL19  (refer  to  figure  2-1  for  locations).  East  of  Post  Road,  several  beaver  poods  icprt- 
sented  the  largest  wetland  areas  and  contributed  to  water  retention  between  die  railroad  tracks 
and  Sh^i  CredL  These  wetlands  occurred  from  SL32  to  SL23  soudi  to  Ship  Creek,  and  at 
SL29.  The  largest  and  ddest  beaver  pond  appeared  to  be  receiving  drainage  from  seqis  at 
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SL22  and  aJ23  in  Soane  SD40.  Thu  bnvor  pood  had  ku  acpmic  vatdarioo  tfaaa 
the  ooM  k  SL29  (cnt  of  the  JP4  tMda). 


Ik  dioald  be  noled  that  nany  aieaa  bdow  the  bluff,  oths  dan  dun  mentioned 
here  or  Hhatfaleri  on  Figure  3-14,  are  at  least  seasonally  wetlands;  the  wedands  were  not 
mapped  ki  detail  and  jurisdictional  wetlands  were  not  delineated  in  this  survey. 


The  area  between  Building  22-002  and  SL12  has  been  disturbed  by  snow  being 
diqwaed  of  over  the  Muff  and  by  activities  associated  with  the  ARRC  (Figure  3-14).  These 
latter  activities  include  the  cutting  of  some  woody  v^etation,  disposal  of  aaiq>  material  firmn 
railroad  tracks,  and  the  renovation  of  a  qwr  track  that  was  under  way  during  the  June  1992 
survey.  Consequently,  the  trees  in  that  area  are  smaller  dum  those  in  odier  areas. 

In  recent  years,  trees  have  also  been  cut  in  the  area  northwest  of  the  large 
beaver  pond  (near  SL22),  and  in  an  area  nmrdi  of  the  JP-4  fuel  tanks.  The  history  of  these 
disturbances  was  not  investigated;  some  are  evident  in  die  1982  aerial  photographs. 

Although  visible  dfects  on  the  habitat  types  were  less  obvious  in  1992,  two 
areas  of  irregular  topography  were  noted,  suggesting  that  diqiosal  activities  had  occurred 
there  in  the  past.  One  area  (between  SLOti  and  SL08)  was  wooded;  die  odwr  (north  of 
SL2Q  was  a  gtasqr  peninsula  extending  from  the  bluff  to  the  wetland.  Both  areas  had 
numerous  truddoad-sised  mounds  that  contained  aj^mrent  construction  ddiris  and  odier 
materials.  Jn  addition,  ooncrele  and  metal  debris  was  observed  at  several  other  locations, 
ragieciaHy  bdow  the  Muff. 
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Three  areu  were  sioveyed  ai  potereial  reference  ales  for  fee  wefends  in 
OU  5,  bin  none  was  found  to  be  suitable  for  om^arisoo.  A  laise  beaver  pood  east  of  fee 
Shy  Crecic  Halchery  Dam  iCT^ared  to  hswe  very  fefferent  diaractetiaics  Qnduding  water 
souree,  depdit  and  vefetation)  from  those  north  of  Ship  Ciedc  in  OU  5.  Another  beaver 
pood  east  of  fee  JP4  fod  tanks  (SL29)  was  initially  considered  (m  May  1992)  to  be  a  better 
reference  site  for  fee  laife  SD40  beaver  pond.  In  June,  however,  v^etation  in  feis  pood 
was  noted  as  feowing  stress  similar  to  feat  at  SL19,  SL25,  and  SL26.  For  feis  reason,  it 
was  considered  unsuitable  as  a  reference  site.  Anodier  yparently  natural  wetland  was 
located  west  of  fee  Loop  Road  and  a  little  soofe  of  fee  east-west  runway’s  west  approach 
(between  fee  yproadi  and  some  gravd  pits).  This  wetland,  afekh  is  clearly  visible  in  fee 
1982  aerial  photos,  was  observed  to  contain  vegetation  feat  wu  mostly  sedges  in  the  water 
and  grasses  and  heavily  browsed  alder  above  fee  water  levd.  This  habitat  is  not  conyarable 
to  wetlands  in  (XJ  5.  Several  small  wood  frogs  were  observed  around  feis  wedand. 

Further  surv^  may  be  needed  to  identify  r^erence  sites.  However,  it 
ypears  tint  other  areas  Ehnendorf  AFB  will  not  be  readily  ccmiparable  to  the  wetlands 
along  the  bluff  within  OU  5.^  Fbr  sampling  in  the  OU  5  wedands,  it  may  be  possible  to 
conyare  affocled  areas  to  nonaffected  areas  in  the  same  wedand. 


It  was  noted  that  walking  duough  die  large  beaver  pond  in  the  vicinity  of 
SL22  (Rgure  2-1)  caused  an  oil  sheen  to  typear  on  die  water  sutfrce.  The  sheen  was 
aooonyanied  by  a  strong  petroleum  odor.  At  SL24,  whidi  is  downstream  from  Source  ST46 
and  flows  imo  dm  large  beaver  pood,  oil  floated  to  the  water  surfrce  although  fee  sediment 
in  tins  diannel  wre  not  disturbed.  The  sheens  at  dmse  two  hications  were  caused  by  oil, 


hrhis  miir— tiw  ttm  ^  fraa  Alha  KkhaDed,  aatval  iwooioe  n  Eliwwtoff  AFB,  dnriag  t  ate 

vial  on  Am  29. 1992. 
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wkich  was  detected  m  the  auiftoe  water  and  aediment  amides,  but  aheeoa  obaetved  at  many 
other  ktemifledaeepiCiee  Section  2.1)  were  qipaicndy  canted  bacteria.  However, 
petroleum  odors  had  been  noted  at  many  of  those  seeps. 

Vmam 


Topping  of  small  mammals  showed  diat  vcdes  and  shrews  live  dose  to  aeqa 
and  at  the  margins  of  wettands  near  those  locatioos.  A  total  of  2S  vdes  and  17  shrews  were 
optured  Cl^lo  3-8).  Tripping  success  varied  by  location  and  season,  as  well  as  die  type  of 
trqi.  Some  nights  the  live  tops  were  more  productive;  on  other  nights,  the  smp  tr^M 
cqituied  moreanimala. 

Most  of  the  vdes  fitom  the  steeper,  wooded  bluff  habitats  were  red-backed 
voles  (CZerftrionontyr  mtUus\  whereas  all  of  the  voles  from  more  open  and  grassy  habitats 
qpeared  to  be  meadow  voles  {Wcrotus  pennsylvanicus).  The  shrew  apeae»  have  yet  to  be 
identified,  but  most  shrews  qpeared  to  be  masked  shrews  (Sorex  cinereus).  Positive 
identification  would  require  dissection  of  die  skulls;  this  may  not  be  necessary  for  current 
purposes. 


Beaven  and  muskrats  were  obsoved  in  the  pond  below  the  snow  diqiosal  area 
and  in  die  beaver  ponds  at  SL23,  SL24,  and  SL29. 

Among  the  larger  mammals,  moose  were  observed  near  the  snow  diqiosal  area 
(between  SLIO  mid  SLll),  vdiere  diey  were  feeding.  Their  droppings  were  found 
dtcoughout  much  of  OU  5.  Bear  scat  was  obsoved  at  two  locatioos  near  SL23.  Although 
die  age  of  die  scat  could  not  be  determined,  the  droppings  were  probably  femn  the  firing  of 
1992.  No  odier  large  mammals  (or  signs  of  their  presence)  were  observed. 
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A  wide  vttkty  of  bird  qwdes  was  obwtvcd  dimag  itirv^  ia  OU  5 
(IMdeS4).  Abom  half  Ite  vedei  icpocted  liy  Bolte  ct  al  (19t3)  in  flie  buewide  na&nal 
leioaice  atody  wen  not  obiemd  chaiiig  die  nrvcyt  of  OU  S,  wlddi  was  not  sotprisiiig;  the 
latter  suf¥eys  wen  condacSed  ia  a  smalkf  am  over  a  limited  time.  Oywever,  die  swveys 
mdicate  that  wedands  hi  OU  S  am  used  hy  mom  than  IS  yedea  of  waterfowl  and 
ahoiebiids,  nd  that  several  apecin  neat  diem  during  qmng  and  eariy  summer. 


» 


» 


i 


hi  addition  to  waterfowl  and  ahoebiids,  odier  ^leciea  wem  otnerved  in 
various  OU  3  hhbitats,  induding  groum,  Idngfiriiers,  woodpeckers,  swallows,  ma0iet, 
ravens,  and  13  qwdes  of  songbird  (Table  3-9).  The  foeding  habits  oi  them  Inids  vary 
widely;  some  forage  in  die  forest  canopy  whereas  others,  sudi  as  robins,  eat  mainly  inverte- 
brales  taken  foom  die  ground. 


»  • 


Adult-size  wood  fioga  wem  observed  on  2  days  near  SL23,  and  one  wood  frog 
diat  was  about  one-half  adult  aze  was  observed  near  SL29  on  1  day.  Wood  frog  tm^cdes  p 

wem  caught  in  nets  during  die  aurvqrs  of  aquatic  invertebrates  in  the  beaver  pond  near  SL22 
and  SL23.'  No  frog  egp  were  observed  in  any  of  die  OU  S  wetlands  during  ehfaer  survey. 
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0  AM  NATURE  AND  ESIENT  OF  CONTAMINATION 

I 

b  ait  KCtkMi,  the  nature  and  cadent  contamination  at  OU  5  are  miwniaritwri 
uaing  dma  obtained  tfaning  Oe  1992  field  invettigation.  EenUs  of  previous  investigations  are 
diacussed  when  neoeasaiy  to  complete  the  sununaiy. 

» 

hi  keeping  with  the  otqecdyes  fix  Ois  R1  (Secdon  1.1),  the  sampling  program 
was  designed  to  determine  the  influence  of  vfigmdient  contaminant  sources  on  die  OU  5 
areas,  the  ^proodmate  eacteot  and  nature  of  contamination  in  the  OU  5  area,  and  the  potential  I 

fix  oCbite  migration  of  OU  5  contaminants  and  subsequent  impacts  on  SI19  Credc.  To 
facilitate  an  evaluadao  of  die  data  in  terms  of  diese  duee  objectives,  die  OU  5  study  area 
was  divided  into  the  fidlowing  seven  study  subareas: 


The  iqigradient  area; 

The  ptpdine  axridor. 

The  waste  paint  tank  area; 

The  lower  bhifif; 

The  Post  Road  oorrkkx; 

The  golf  course  beaver  pond;  and 
Sh^  Creek. 


The  study  sidnreas  are  diown  on  Figure  4-1.  Potential  contamination  within 
the  industrial  area  between  Post  Road  and  Shqi  Creek  was  not  evaluated  as  part  of  this 
investigatkm. 


Hie  upgradient  area  includes  sml  and  groundwater  data  collected  firom  the 
instaUatioo  of  seven  monitming  wells  located  hydraulically  iqigradient  of  die  OU  5  source 
areas.  The  groundwater  data  provide  information  on  whether  contamination  is  migrating 
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from  upgnidiBif  KNiroet  into  die  OU  5  aicns,  and  die  soil  dbla  firom  these  borings  is  a  useful 
icfcience  Ibr  soil  data  coMecled  within  and  downgradient  from  the  OU  5  souioes.  All  of  die 
known  OU  S  aouioe  aieu  occur  along  a  pqiriine  conklor  diat  nuu  east-west  along  the  top  of 
die  Muff.  If  itodiacovaed  leaks  hawe  occuned  in  the  pipdine,  dieir  inqnct  would  be 
observed  within  diis  subarea.  Soil  data  collected  from  the  vadoae  zone  within  the  pqidine 
corridor  will  be  evaluated  to  determine  if  areas  of  contaminated  soil  are  cutrendy  contami¬ 
nating  groimdwater  beneath  OU  S.  A  smaller  area  within  die  pqidine  corridcn,  the  waste 
paint  tank  area,  was  evaluated  sepaiatdy  using  (bta  from  soil  baring  and  monitoring 
well  MWll  because  the  waste  paint  tank  source  area  is  different  from  the  OU  5  petrMeum 
contamination  sources. 


The  remaining  study  sidiareas  are  located  hydraulically  downgradient  from  the 
pqidine  corridor  and  are  useful  for  evaluating  the  potential  for  ofisite  migration  of  OU  5 
contaminants  and  dieir  in^MCts  on  Ship  Credc.  The  lower  bluff  area  is  adjacent  and 
immediatdy  downgradient  of  die  western  half  of  die  pipdine  corridor.  This  hillside  is  well 
vegetated  with  trees  and  shrubs  and  diere  are  numorous  groundwater  seqis  along  die  bank. 
Similariy,  the  gMf  course  beaver  pond  area  is  adjacent  and  downgradient  of  the  eastern  half 
of  the  pqNdine  corridor.  This  area  is  also  well  vegetated  and  contains  beaver  ponds  and 
wetland  areas.  Both  <rf  diese  subareas  are  of  interest  for  the  ecological  assessments  because 
aquatic  and  terrestrial  receptors  could  be  affoctod  by  contaminated  groundwater  seeping  out 
of  the  Mnffr  or  entering  die  shallow  groundwater  table.  Soil,  groundwater,  surfoce  water 
and  sediment  data,  terrestrial  {dants  and  animals,  and  aquatic  biota  are  evaluated  widiin  this 
study  sidiarea. 


The  Post  Road  corridor  is  a  groiqi  of  six  monitoring  wells  located  along  a 
buaineH  district  rtf  Post  Road  and  the  ARRC  right-of-way.  This  area  rqnesents  die  offnte 
location  dosest  to  OU  5  where  human  activities  occur  on  a  daily  basis.  If  groundwater 
contaminants  are  migrating  away  from  source  areas  in  die  western  half  of  OU  S,  it  is 
expected  that  diey  would  be  detected  in  die  shallow  Post  Road  corridor  wells.  This  area  is 
also  l^dtaulically  upgiadient  frrmi  die  industrial  area  south  of  Post  Road,  where  known  and 


BtaMidMf  AFl  OU  3  amU  Rapoft 


# 

^  pmenUri  MMW—  et  entimiMrtnii  eorid  mjerfam  with  eiahiatiin  enmawiiiianti  migrrting 

fioa  (XJ  S  aooieM.  As  diKnned  in  Sectioa  1.2.1,  this  SI  does  not  addicMpoteDtial 
iiq»cts  caused  hy  offniB  sources  in  die  Post  Sold  industrial  aica. 

Grade  is  the  rae^neat  of  groundwater  and  suiftoe  water  drainage  from 
the  southesn  put  of  Bmendorf  AFB.  Surface  water  and  sediment  data  and  aquatic  biota  in 
Shq>  Creek  were  evaluUed  to  determine  the  nature  and  extent  of  contamination  from  OU  5 
sources  that  could  affect  Ship  Creek. 


The  divisioo  of  OU  5  into  sdMraas  does  not  necessarily  represent  differences 
in  observed  site  contamination.  Sather,  the  division  provides  a  convenient  way  to  organize 
die  discussion  of  the  large  quantity  of  data  obtained  during  the  fidd  investigation.  Some 
contaminants  may,  in  fret,  be  present  in  all  areas,  and  may  be  attributed  to  die  same 
sooroe(s). 


# 


In  additioo  to  the  division  of  OU  5  into  seven  study  subareas,  mudi  of  the  dis¬ 
cussion  on  observed  contaminants  is  divided  into  three  catq;ories: 


•  Petroleum  hydrocarbons  Onduding  gasoline,  diesd,  JP-4,  BTEX,  and 
pdycydic  aromatic  hydrocarbons  [PAHs]); 

•  Noiqietrdeum  uganics  including  halogeaated  volatile  organics  and 
PCBs);  and 

•  Metals. 

Iheae  diemkd  categories  represent,  in  most  situations  at  OU  5,  difGncnt  sources,  different 
inqiacts  on  honum  and  bktiogical  lecqitQn,  and  different  frte  and  tran^mrt  meduuusms.  A 
summary  of  die  analytical  data  is  presented  widi  each  section.  Aldiough  all  jne-eidsting  and 
new  monitoting  wdls  and  new  botirigs  were  sampled  during  the  fidd  investigation,  die  data 
summary  hdties  and  figures  in  Section  4  only  present  detected  results.  Therefne,  if 
sailing  in  a  specific  study  subarea  did  not  yidd  any  detectable  analytes,  the  summary  tables 
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oout  te  wlaicft  6oa  die  aiaunaiy  aod  no  tt  poMed  for  die  auiqiUiii  kKitfm 
figaies.  CompkiiB  amlytial  results  for  the  fidd  inveaigittion  are  presented  in  Appcatfa  K. 


Summaries  of  analytical  lenilts  are  presented  for  each  medium  discussed  in 
Section  4  lo  summarize  the  constituents  detected  and  present  several  desciqttivc  statistics 
(lanfB  of  detected  values,  feometric  mean,  arithmetic  mean,  number  oi  detections  versus 
number  of  sanities,  and  percent  of  san^des  with  detections.  Geometric  meus  are  oonqwted 
by  converting  the  data  to  logio  values,  calculating  the  mean,  and  converting  die  logio  mean 
back  to  an  arithmetic  value.  Both  the  arithmetic  and  geometric  means  are  calculated  using 
one-half  die  detection  limit  for  non-detecdon  remits.  Therefore,  when  die  number  of 
detections  versus  number  of  samples  is  low,  the  calculated  means  will  be  influenced  nxne  by 
the  analytical  detection  limits  than  by  the  results  for  detected  constituents.  In  some  cases, 
the  calculated  mean  values  may  be  less  than  die  lower  detected  value  or  greater  than  the 
highest  detected  value  because  of  this  calculation  method.  Theteflne,  it  is  necessary  to 
consider  die  number  of  detections  versus  die  sample  size  when  inter^edng  the  mean  values 
in  die  summary  teMes. 

The  discussion  of  the  nature  and  extent  of  contamination  will  be  presented  in 

six  sections: 


•  Soil  gas  and  groundwater  screenii^; 

•  Soil; 

•  Groundwater  and  seqis; 

•  Surfooe  water  and  sediments; 

•  Aquatic  bkda;  and 

•  Terrestriai  {dants  and  animals. 
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It  is  uademood  that  then  will  be  significant  chemical  intenctiQa  between  media  in  some 

This  inleaction  will  be  discussed  in  dus  duller  and  further  refined  in  Section  S, 
Coacqitual  Modd. 


4.1 


4.1.1  Reanlts 


Field  screening  of  anl  gas  and  groundwater  sanqdcs  was  perfocmed  to  give 
rdative,  order-of-magnitude  estimates  oi  the  presence  of  VOCs  and  petroleum  hydrocarbons 
at  OU  5,  and  to  fbcus  the  jdacement  of  sml  borings  and  monitoring  wdls  around  su^tected 
source  areu.  The  soil  gas  screening  results  ate  ipialitative  and  indicate  the  absence  or 
presence  of  constituents  and  their  rdative  oonceidrationa.  The  soil  gas  results  are  presented 
as  unitless  quantities  because  die  field  screening  instruments  were  not  calibrated  to 
indqiendent  gaseous  standards.  Groundwater  screening  results  ate  considered  to  be 
semiquantitative  to  a  minimum  concentration  of  ap{»oximaldy  O.S  ng/L  for  VOCs  and 
10  ngfL  for  BTEX  conqiounds.  The  petroleum  hydrocarbon  scans  (C«-C»  and  Cig-C^  ate 
oonsideted  estimates  of  fud  contamination  because  quantitations  were  based  on  estimates  of 
bodi  retention  times  and  te^wnse  foctm  for  fud  h^faocarbons. 

A  summary  of  the  oonqxmnds  delected  in  the  soil  gas  and  groundwater 
screenings  surveys  are  presented  in  Tables  4-1  and  4-2,  respectively.  Rgutes  4-2,  4-3, 
and  4-4  display  the  locations  of  die  detections  fiv  an  order-of-magnitude  comparison  of 
results.  Areas  that  qipeaied  to  have  tdativdy  high  concentrations  of  VOCs  or  petrdeum 
hydrocarbons  were  targeted  for  soil  borings  and  monitming  wdls  during  die  fidd 
investigation. 
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Table  4-2 


snjof  auBMKA 

me  SOIL  OAS  paok  udcatkjm 
me  HeAOBPMse.  aueftcs  wMreH 
OROunarAreR  SMMf  ujcations 

SOIL  OAS  eAUPlM  iOCATION 
seePLOcArioM 
LKUO  FUEL  StSTEkl 
ABOFEOROUFO  TAMK 
UNOEROROUNO  TANK 


CRE 


NOTE:  eon.  OAS  RESULTS 
ARE  UNITLESS 


FIGURE  4.2 


SOIL  GAS  SCREENING 
TOTAL  VOCS  AND  P 
HYOROCARBC 


FIGURE  4.2b 

SOIL  GAS  SCREENING  RESULTS 

total  vocs  and  petroleum 

HYDROCARBONS 


FIGURE 


G 

SCRE 
TOTAL  PET 


FIGURE 

QROUNOW 
SCREENING  F 
TOTAL  PETROLEUM 
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4.1J  PhcMrioo 


The  Mil  fM  Kraeniiig  results  showed  detections  of  l,l>l-ttkhkxoethane, 
cis-l,2-dicliloioediene,  tridiloroetliene,  and  tetnchk»oethene  at  numerous  locations  in 
western  OU  S  along  die  pqtdine  oociidor  and  mud)  of  the  railroad  tracks  along  Post 
Rood  oocridor.  The  pattern  of  detections  does  not  indicate  a  Incaliwid  source  area  in  OU  S 
for  VOCs.  The  wideq»ead  occurrence  of  VOCs  in  sml  gas  may  be  indicative  of 
groundwater  comarninants  tran^octed  from  upgradient  sources. 


Petndeum-iange  hydrocarbons  were  detected  in  soil  gas  at  only  five  locations, 
and  no  BTEX  confounds  were  delected.  Most  oi  the  petndeum  hydrocarbon  hits  were 
detected  south  of  die  railroad  tracks  along  the  Post  Road  oocridor  where  groundwater  is 
generally  widun  10  fret  of  the  surfme  and  may  indicate  fud  contamination  in  the 
groundwater. 


f 


Groundwater  screening  results  indicated  die  presence  of  VOCs  at  several  of 
die  lower  bluff  area  aeq»  on  western  OU  5,  soudi  of  Post  Road  near  the  golf  course 
didihooM,  and,  in  eastern  OU  S,  around  the  JP'4  storage  tanks  and  along  die  northern  bank 
of  Sup  Credr.  The  wideqxead  occurrence  and  rdatively  low-levd  concentrations  suggest 
diat  die  VOCs  are  migtadng  in  the  groundwater  from  an  unknown  upgradient  souroe. 


Petrdeum-range  hydrocarbons  were  observed  in  reasonably  d^  clusten  at 
groundwMer  aeqw  and  in  shallow  groundwater  below  known  source  areas.  Groups  of  hits 
were  found  bdow  Sources  ST37,  ST38/SS42,  SS53,  and  ST46. 

Baaed  on  the  soil  gas  and  groundwater  screening  results,  soil  borings  were 
idaced  dong  the  pqidine  oocridor  at  Source  ST37  (bmings  SB18  through  SB21  and  SB29),  at 
die  western  end  of  Sources  ST38/SS42  (borings  SB22  and  SB23),  and  akMg  the  pipeline 
corridor  near  Source  SSS3  (borings  SB26,  SB27,  and  SB28).  hfonitoring  wdls  were 
installed  to  extend  the  coverage  die  existing  monitoring  well  netwmk  and  to  confirm  die 
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pnaeaoe  of  oontaminants  obaerved  in  the  groundwater  screening  surv^.  New  wdb  in 
western  OU  S  were  |daoed  between  the  bluff  and  Ship  Creek  along  the  Post  Rood  corridOT 
(wells  hIW12  through  MW17)  and  along  the  north  bank  of  Ship  Creek  in  die  golf  course 
beaver  pood  area  (wells  MW09.  MWIO,  MW30,  and  MW31). 

SiA 

4^.1  Results 

Soil  aafflfdes  were  obtained  from  at  least  three  dqtths  for  each  seal  boring  in 
the  tqtgcadknt  area  and  the  pipeline  corridor  to  evaluate  the  presence  of  source  area 
contamination  in  the  vadoae  zone.  The  sampling  intervals  included  suifitce  soils  (zero  to 
2  feet)  at  six  locatioos,  and  for  all  borings,  between  surfooe  and  the  water  table  at  10-  and 
25-foot  dq>ths,  and  at  foe  water  table.  Samples  woe  also  collected  at  the  top  of  the 
Bootl^er  Cove  Ftmnation  in  borings  SB19,  SB21,  SB23,  and  SB28  to  evaluate  foe  presence 
of  DNAFLs.  Ill  the  shallow  groundwater  areas  along  Post  Road  and  the  golf  course  beaver 
pood,  soil  sanqdes  were  obtained  from  a  single  dqith  at  the  top  of  the  water  table. 

All  soil  boring  samples  were  analyzed  for  wganic  ctmipounds  by  the  quick- 
turnaround  time  CSL  in  Corvallis,  Or^on.  The  CSL  analyses  included  four  hfofood  8010 
conqiounds  (1,1,1-TCA;  tcans-l,2-DC^  TCE;  and  PCE);  Mefood  8015  total  fuel 
hydrocarbon  tests  for  gastdine,  diesd,  and  JP-4  range  organics;  and  four  Mefood  8020 
conqwunds  (BTEX  oonqwunds).  The  CSL  data  are  rqxnted  on  an  as-received  (wet  weight) 
basis.  A  summary  of  detection  frequencies,  ranges  of  values,  and  arifometic  and  geometric 
means  for  foe  CSL  data  is  presented  in  Table  4-3.  Figure  4-5  shows  foe  locations  for 
detected  ocgaoic  constituems  in  soil. 

Approximatdy  10%  of  foe  sml  boring  samides  were  ^t  and  analyzed  by  the 
nonnal  (30-di^)  turnaround  time  laboratory  in  Redding,  California,  for  foe  Mefood  8010 
(foil  list).  Method  8015,  Method  8020  (BTEX),  and  Method  8270  (semivrdatile  organic) 
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Table  4-3 


Sanmiary  of  Analytical  Results  for  Detected  Organic  Omstituaits  in  Soil 

(Quidc  Turnaround  Results) 
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compoimdi.  Id  adtStion,  aurfKe  and  root-aooe  aoil  saimriea  collected  as  part  ci  the 
lenaliial  eoolopcal  smvqr  fiv  evaluating  {riant  stress  in  OU  3  were  analyzed  for  Method 
8010  (foU  list),  Mediod  8013,  and  Medwd  8020  (BTEX)  oon^wunds  by  a  nonnal  (30-day) 
turaaround  time  laboratory.  The  30-day  turnaround  time  results  are  rqpotted  on  a  dry-weight 
basis.  A  summary  of  these  results  is  presented  in  Table  4-4  and  the  detected  otmqmunds  are 
also  shown  on  Rgure  4-3. 

Mdals  were  evaluated  first  by  ctmtpaiing  acril  san^  concentrations  to 
background  concentrations  obtained  during  the  basewide  background  sampling  activities 
(CH2M  HILL  1992a).  A  statistical  summary  of  background  metals  in  Elmendorf  AFB  amis 
is  presented  in  Table  4-3.  To  evaluate  metal  results  in  soil  samples  from  OU  3,  each  samjrie 
result  was  compared  to  the  iqiper  tolerance  limit  (UTL)  in  Table  4-3,  which  is  defined  as  toe 
99to  percentile  value  calculated  at  a  93%  confidence  intervaL  If  the  soil  concentration  is 
higher  toan  the  background  comparison  level,  the  possible  reasons  for  tois  are  discussed. 
Table  4-6  presents  a  sununary  of  analytical  results  for  m^als  in  the  soil  sanqries  from  OU  3, 
including  toe  number  of  results  toat  exceeded  background  comparison  levels.  The  sampling 
locations  where  metals  exceeded  background  levels  are  presented  on  Figure  4-6.  Only 
metals  that  are  oonsideted  contamimuits  of  concern  fm  the  human  healto  risk  assessments  and 
eccriogical  evaluations  inesented  in  subsequent  sections  of  tiiis  rqport  are  shown  on  tire  figure. 

Fly  ash  dqiosits  have  been  observed  on  tiie  lower  bluff  areas  below 
Monittning  Wdl  SPl-()2,  and  were  documented  in  the  boring  logs  for  pre-existing  wells 
SP2J643Q,  SP2/64)4,  (jW-6A,  and  SP2/6-03.  Cmnposite  fly  ash  samples  from  two  locations 
on  tile  bluff  below  well  SPl-02  were  collected  and  analyzed  for  total  TAL  metals  and  metals 
in  leachate  using  a  modified  EP  (extraction  procedure)  Toxicity  Test  procedure  wito 
deionized  water  as  the  extractant.  Results  for  the  fly  ash  analyses  are  summarized  in  Table 
4-7. 


Background  aoil  metal  concentratimis  were  also  conqnred  to  levds  in  volcanic 
ash  dqwats  at  OU  3.  On  tiie  evening  of  AuguA  18,  1992,  a  volcanic  eruptimi  of  Mount 
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Table  4^ 


Sramnary  ci  Aimlyticid  Resi^  for  Delected  Organic  ConrtitiMits  in  SMi 

(Normal  Turnaround  Rmults) 
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Table  44 
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Table  4-5 


Backgrowid  Metal  ConoentraikMS  for  Ebnendorf  AFB  Soils 
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Talile4-S 


(ContinBed) 


Table  4^ 


Summary  of  Aaalytical  Results  ftar  bfetab  in  SoU 
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Table  4-6 

(Continued) 

• 

nj-UA  IMxW  2.99 « Iff 

20M0- 34100  2.32«ltf  2 J7  x  Iff 

3.1  -  7  J  4.05  X 19  4.99  x  Vf 

atW- 11700  9.40  «1CP  9J6«ltf 
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234-475  350  « Iff  350  «  Iff 
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193-394  254«lff  2.42  x  Iff 
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145-344  251 X  Iff  240xlff 

35-125  7.91  X  Iff  954  X  Iff 

14-354  252xlff  2.42xlff 

13000-37900  249xlff  254xlff 

105-325  1.99xlff  2.14  x  Iff 

2300-9090  444xlff  450xlff 

434-199000  l.TOxtff  1.99  x  Iff 


rAnOUSBimiipM 


4-28 


I 


Table  4-6 


(Continiied) 


9J-1U 


l.04st9  I  1.0«sl» 


at.»  •  30.9  ^99«lff  1.99  «  10 

7AMO-‘USm  2.44 «!»  2.44 «  Iff 

31J-206  tittKiff  1.19 « Iff 

7990- tS90  l.07xtff  1.09  s  Iff 


410-590 

OJO-HA 

34J-35 

510-903 


237  -  419 


5J5slff  OJOslff 


3.40s  Iff  3.47s  Iff 

7.00  s  Iff  7.47  s  Iff 

3.15  s  iff  3J0slff 


424-033  530s  Iff 


531 s Iff 


554-74.1  I  0.43slff  |  030slff 


13000- 17000  I  141s  Iff  I  1.03s  Iff 


44  -  0  045s  Iff  043  s  Iff 

01.7-101  045  s  Iff  0.10  s  Iff 

047-WA  WA _ WA 

14-3.1  1.77s  Iff  140s  Iff 

5300-12500  749s  Iff  041  s  Iff 
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Table  4^ 


(Cwitiniied) 
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||ll|| 

' '' ' ' 

mm 

K3B 

RrZS 

^55231 

m 

VMloai 

CorUm 

(Mai.) 

SMfcM 

Sal”''"*' 

».9-39 

342x19 

3.43  X  19 

41.4 

014 

0 

dfJjU 

Cobdl 

9.7-11.7 

1.00x19 

1.07  X  19 

20.7 

014 

0 

ESI 

CoBMr 

M.1-37J 

240x19 

2.S4X19 

324 

1/4 

23 

a«te. 

iMa 

22300-31900 

X09xl9 

2.70  X  19 

49237 

014 

0 

Lmi 

9J-t7.2 

1.79x19 

2.9S  X  19 

134 

1/4 

23 

“r  ’ 

<SS0-S9M 

744x19 

7.90  X  19 

10130 

0/4 

0 

aarfhM 

Ummrnm 

409-703 

3.70x19 

3.93  X  19 

1013.7 

0/4 

0 

SMftM 

Ummo 

0.09-0.1 

S43xl0* 

S40xl0> 

0.19 

0/4 

0 

ShAm 

laiHBH 

29.7  -  30 J 

343x19 

3.20  X  19 

414 

0/4 

0 

431 -90S 

041  X 19 

0.S3  X  19 

915.7 

0/4 

0 

I2J5I 

^*a - 

9HW 

0.73 -NA 

NA 

NA 

2 

014 

0 

Sate 

30S-909 

4.03  X  19 

5.09x19 

497.1 

1/4 

23 

Sarihci 

Ate. 

0.19 -OJl 

243  X  10* 

241x10* 

041 

1/4 

23 

159 

VtehM 

4SJ-02J 

340x19 

3.03  X  19 

1114 

0/4 

0 

Zte 

004-139 

S40xl9 

940x19 

102.9 

1/4 

23 

■M 

tete 

10000- ItJOO 

147x19 

147x19 

31033 

0/4 

0 

loot 

AmmI. 

2.S  -  0.4 

4.04x19 

4.13  X  19 

11.4 

0/4 

0 

■oal 

Bte 

304-9S.7 

7.19x19 

744x19 

2144 

0/4 

0 

Eool 

CMte 

14-14 

143x19 

1.03  X  19 

243 

0/4 

0 

■aoi 

Crite 

37S0-S100 

0.10x19 

0.92x19 

•490 

0/4 

0 

D 

te 

304-044 

4.47x19 

4.00  X  19 

34.4 

1/4 

23 

Koot 

CoMl 

9.0-124 

1.09x19 

1.09x19 

204 

0/4 

0 

Kool 

Cnate* 

•  •w 

1S4-39 

247x19 

2.40x19 

34.7 

0/4 

0 

loot 

im 

22300  -  30100 

2.72x19 

2.74x19 

3Stll 

014 

0 

■ael 

LmS 

44-224 

1.00x19 

140x19 

1.71 

3/4 

75 

Bool 

-I  ■ 

0770  -  9210 

S.10xl9 

1.10  X  19 

IB&3IH 

0/4 

0 

laai 

BjlJfESBI 

307 -Sll 

445x19 

3.13  X  19 

9704 

0/4 
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Table  4^ 


(Coi^ued) 


SSSii 

^MM 

';.,.v  .'* :  . 

ppHiiW'll 

iSililllliK  HWi 

iMiMd 

OmMqc 

(•Ml.) 

iMt 

OJB  •  0.11 

4.10x10* 

4.75  X  10* 

053 

(94 

0 

Rool 

MbM 

31.1.54.9 

4.04x19 

4.iaxl9 

405 

(94 

0 

Root 

— 

540. MS 

7.09x19 

753x19 

M7.1 

(94 

0 

IM 

BBw 

0J5.NA 

HA 

HA 

1.42 

(94 

0 

Bmc 

SoM 

330.429 

3.74x19 

3.79x19 

404.1 

2/4 

50 

■m 

0.14.059 

250x10* 

359x10* 

0.115 

3M 

75 

■mi 

- - 

525-43.1 

5.70x19 

5.72x19 

915 

(94 

0 

■mi 

ZlM 

55.7  ■M.4 

452x19 

4.43  X  19 

•45 

1/4 

■H 

Ootf  OoMw 
Mmmfmd 

^3 

13300. HA 

HA 

HA 

35427 

<91 

0 

AM. 

45. HA 

HA 

HA 

14.11 

0/1 

0 

SMibM 

■Ml 

152-HA 

HA 

HA 

201.7 

(91 

0 

0.74- HA 

HA 

HA 

051 

(91 

0 

E9 

OMm 

IJ-HA 

HA 

HA 

3.01 

(91 

0 

CUM 

15100 -HA 

HA 

HA 

•Ml 

1/1 

100 

B 

jj 

375.  HA 

HA 

HA 

(91 

■i 

U![23 

CM 

•5-HA 

HA 

HA 

20.7 

0/1 

0 

C5J 

Cnaaae 
*  •Tf  " 

3a-KA 

HA 

HA 

325 

1/1 

100 

^551 

bM 

21300-  HA 

HA 

HA 

49237 

(91 

0 

^^55 

iMd 

335- HA 

HA 

HA 

135 

1/1 

100 

MiMm 

4140- HA 

HA 

HA 

10954 

(91 

0 

C^3 

555I53B 

3S4.HA 

HA 

HA 

1015.7 

(91 

0 

Mmmt 

OJ-HA 

HA 

HA 

0.19 

1/1 

100 

MbM 

3t.9-HA 

HA 

HA 

4S5 

0/1 

0 

Mm 

MimM 

743.HA 

HA 

HA 

915.7 

(91 

0 

SM 

494.HA 

HA 

HA 

4975 

0/1 

0 

^^53 

VmM 

445.HA 

HA 

HA 

1U5 

(91 

0 

J5^3 

am 

••J-HA 

HA 

HA 

1035 

0/1 

0 

Xool 

AMm. 

9310.10400 

9.Uxl9 

9.19x19 

31455 

<92 

0 
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Table  4.7 

Total  Atetab  in  Fty  Ash  and  Fty  Ash  Irradiate  >Sanipi«a 


a 


m 


- -  1 

um 

Trr-girinfffiff 

■m 

FAB-ai 

wmn 

mnL 

mrnW^Mb 

FMMB 

•••• 

fwW 

tOM 

•MlaMnif 

•  ■ .  ••  •  ;  ■ 

mm 

AhiMi— 

15400 

6,770-6,900 

31,655 

No 

0.4472 

0.3122 

AniaMMor 

<3.6 

3.6 

1.6 

No 

<0.0121 

<0.0121 

AiMoie 

6.5 

11.40 

No 

0.0019 

0.0052 

Barium 

1,170 

214.3 

Yaa 

0.1003 

BicTilinm 

0.60 

0.32-0.56 

0.70 

No 

<0.0005 

<0.0005 

1.3 

0.66  - 1.1 

243 

No 

<0.0012 

<0.0012 

6420 

6,490 

No 

3.7727 

7.1394 

ChfOfliiim 

25.5 

9.6  - 12.0 

54.4 

No 

<0.0037 

<0.0037 

Cobalt 

12.9 

9.6  - 10.4 

20.2 

No 

<0.0056 

<0.0058 

Coppar 

26.77 

19.97-23.07 

34.7 

No 

0.0024 

0.0043 

Itou 

■SSSi 

PftBIIJ 

36,616 

No 

0.2377 

Laad 

6.7 

10.1  •  13.5 

6.7r 

Yet* 

MiCDMton 

5,600 

1460  - 1430 

13,163 

No 

1.4391 

2.4666  1 

Idaufauaaa 

376 

63.4  -  91.4 

9704 

No 

WESM' 

liateoif 

0.05 

<0.04  -  0.05 

043 

No 

<0.0001 

<0.0001 

rackal 

32.1 

20.4  -  22.2 

60.6 

No 

<0.0077 

<0.0077 

Potaarium 

691 

616-676 

667.1« 

Yea* 

3.6566 

9.7592 

Saiaaium 

<0.15 

<0.15 

0.47 

No 

<0.0005 

BBvM 

SBvar 

<043 

<0.62 

1.62 

No 

<0.0021 

<0.0021  1 

iMt— 

427 

526  -  531 

406.1 

Yea 

2.7255 

ThaUiiim 

<0.21 

0.21 

0.11F 

Yet* 

<0.0007 

744 

71.1-79.9 

91J 

No 

0.0123 

0.0281 

Ti«i« 

45.21 

22.U- 27.41 

64.6 

No 

0.0177 

0.0390 
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spur  dcpOMied  a  l/S-indi  (qipcaadniaie)  tfaick  layer  of  ash  over  the  AnclKnage  area.  A 
sample  of  the  adi  dqKMited  at  OU  S  was  coUected  and  analyzed  f<»  metals.  Only  calcium 
(9210  mg/kg)  and  sodium  (1690  mg/kg)  in  the  ash  were  found  to  exceed  background 
oonoentratiofis  in  Elmendarf  AFB  soils.  These  dements  are  not  contaminants  of  concern  u 
OU  S,  and  it  is  therefiore  not  expected  that  the  ash  event  influenced  the  analytical  results  <x 
inteipretation  of  metals  in  OU  S  soils. 

4^^  Dianisfrion 

AJIJIA  Upgradient  Area 

Seven  borings  were  placed  in  the  upgradient  area  of  OU  5  (SBOl  through 
SHOT)  and  all  of  these  borings  were  conqdeted  as  monitoring  wells.  Only  two  of  the  seven 
borings  showed  any  detectable  organic  contamination  in  tbc  soil. 

Petroleum  hydrocarbons  were  detected  in  st^  boring  SB03.  This  boring  is 
qiproximaldy  600  feet  northwest  of  Sources  ST38/SS42  and  rqiiwoximately  200  feet  east  of 
an  dmndoned  diesd  product  inpeline  did  runs  paralld  to  Mapie  Street.  Diesd-range 
organics  were  rqiorted  at  38  mg/kg  in  SB03  at  10  feet,  and  gasoline-range  organics  were 
detected  at  50  mg/l^  at  dqiths  of  10  feet  and  25  feet  bdow  ground  surface.  Groundwater  is 
qiproximately  31.5  feet  deqv  at  diis  location. 

In  bemng  SB06,  JP-4-tange  organics  were  rqxnted  at  35  feet  bdow  ground 
sutfeoe  at  the  groundwater  table.  These  results  indicate  that  vadose  zone  samples  taken  in 
the  iqigradieat  area  are  free  of  wganic  contaminatitm,  with  the  excqKion  of  SB03,  which  has 
detectable  flid  hydrocarbons  above  the  water  table. 

One  soil  sample  from  die  upgradient  area  was  cdlected  for  metal  analysis  at 
SBOl,  25  feet  bdow  ground  surfsoe.  None  of  die  metal  oonoentradons  exceeded  the 
comparison  levds  in  the  background  data. 
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Ten  borings  were  {riaoed  in  the  pipeline  ctniukv  am:  SB18  through  SB24, 
and  SB26,  SB27,  and  SB28.  The  purpose  of  tbeae  btnings  was  to  evaluate  the  extent  of 
vadoae  zone  contamination  at  the  suspected  source  areas.  Samples  were  also  taken  at  the  top 
of  the  Bootlegger  Cove  Formation  in  borings  SB19,  SB21,  SB23,  and  SB28  to  evaluate  the 
presence  (rf  DNAPLs. 

Fetndeum  hydrocarbons  were  delected  in  three  of  the  ten  soil  borings  within 
die  pqidine  cooidor  am.  In  si^  boring  SB18  at  Source  ST37,  JP-4  was  detected  at 
89  mg/kg,  dkad  was  dmected  at  1S9  mg/kg,  and  BTEX  compounds  were  delected  at 
1  mg/kg  at  a  dqdh  of  35  feet,  coire^onding  to  die  of  the  water  table.  Petroleum 
hydrocarbons  were  not  detected  above  the  35rfoot  dqith,  suggesting  that  those  constituents 
have  either  been  flushed  from  the  vadoae  zone  sdls  or  are  migrating  with  the  groundwater. 
The  dim  odier  bwings  drilled  around  Soum  ST37  did  not  detect  organic  contaminants  in 
the  vadoae  zone  or  at  die  top  of  the  Bootleg^  Cove  Formation. 

The  second  soil  boring  in  the  pqieline  corridor  am  where  petroleum 
hydrocarbons  were  detected  is  SB23,  adjacent  to  the  JP-4  pqieline  at  Soum  ST38  and 
qipraximately  50  feet  east  of  die  Small  Arms  Firing  Range  (Building  22-007).  Diesel  was 
detected  at  57  mg/kg  in  the  samide  taken  at  the  top  of  the  Bood^er  Cove  Formation, 

58  feet  bdow  ground  surface.  The  water  table  in  this  vicinity  is  qipro^^^ddy  40  feet  below 
ground  sur&ce.  Diesd  fuel  is  not  a  ”sinker*  and  would  not  be  expected  to  be  found  in  high 
concentrations  on  top  of  the  Bootlegger  Cove  Ftmnatkm,  but  may  be  inesent  as  a  disstdved 
contaminant  in  the  saturated  soil  layer.  Two  other  borings  at  soum  areas  ST38/SS42  were 
fiee  of  delectable  contamination,  including  boring  SB22,  which  was  a  site  where  raised  levels 
of  halogenated  VOCs  were  detected  during  die  soil  gas  screening  surv^. 

A  diird  boring  where  petroleum  hydrocarbons  were  detected  is  SB26.  This 
boring  is  located  iqiproxiniatdy  15  feet  from  a  low  point  water  drain  pit  on  the  JP-4  pipeline 
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whete  a  kak  was  delected  in  1982  (refer  to  Section  1.2.3.S  for  discussion).  It  is  likely  that 
this  pqteline  kak  was  re^KMisibk  for  the  petroleum  seq>s  observed  along  Post  Road  dot 
oon^rise  Source  SS53.  Near  the  groimdwater  tabk  at  a  dq>di  of  25  feet,  JP-4  and  diesel- 
range  afganics  were  detected  at  165  and  172  mg/kg,  reqwctively.  All  of  the  BTEX 
compounds  were  also  deeded  at  concentratioas  kss  than  1  mg/kg.  A  shallower  sam{de 
taken  at  10  feet  did  not  show  any  detectabk  organic  contaminants.  If  the  source  of 
contamination  is  die  low  point  water  drain  pit,  then  these  observations  suggest  that  die 
leaking  product  migrated  downward  to  the  water  tabk  and  did  not  create  a  large  secondary 
source  area  of  contaminated  vadose  zone  soils.  Two  other  borings  located  along  the  pipeline 
near  Source  SS53  did  not  yield  any  detectable  contamination  in  the  vadose  zone  (n*  at  the  top 
of  die  Booti^ger  Cove  Formation. 

Metals  omcentrations  in  borings  SB20  and  SB21  were  either  less  dian  the 
background  comparison  values  or  flagged  as  estimates  because  of  considerations. 

In  summary,  petroleum  hydrocarbons  were  d^ected  in  the  pipeline  corridor 
only  in  diree  samples  taken  from  the  saturated  soil  layer.  Vadose  zone  contamination  was 
not  observed  at  die  source  areas.  It  is  likdy  that  vadose  zone  contamination  feom  past 
pqidiiie  kaks  was  localized  and  kft  a  relatively  small  fooQwint  as  fuel  products  percolated 
rqiidly  downward  through  die  sandy  stnls.  Given  the  age  of  the  leaks  (15  to  35  years)  and 
die  tdativdy  pmous  subsurfece  srals,  it  is  also  likely  that  vadose  zone  contamination  has 
already  been  attenuated  by  natural  processes  such  as  flushing  or  biod^radation.  Therefore, 
it  does  not  appeu  tint  soil  around  die  inpeline  leaks  and  surfece  qnll  areas  is  acting  as  a 
significant  secondary  source  for  groundwater  contamination.  DNAPL  contaminants  such  as 
TCE  were  not  delected  in  any  of  die  four  samples  taken  at  the  top  of  die  Bootl^ger  Cove 
Fbnnatkm. 
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Hie  waste  pamt  tank  is  kbout  400  feet  northeast  oi  Source  SS42.  Soil  samples 
were  odlected  at  10>,  2S-,  and  3S-foot  dqMhs  in  SBll,  immediately  east  of  die  tank. 
Fetrokom  hydrocaibons  were  iqwrted  at  dqidis  of  10  feet  and  25  feet  bdow  ground  surfeoe 
in  SBll.  The  dqidi  to  groundwater  is  apprmrimatdy  36  feet  at  this  location.  At  10  feet,  JP- 
4  was  detected  at  14  mg/kg,  and  gaacdine  was  detected  at  7.1  mg/kg.  Xylenes  were  also 
i^ncted  at  10  feet,  at  a  total  concentration  of  9.4  mg/kg,  higher  dian  experted  fiv  the  low 
kvds  of  fiid.  The  total  BTEX  coocentration  at  die  10-foot  depdi  was  10.2  mg/kg.  At 
25  feet  bdow  ground  surfeoe  in  SBll,  the  BTEX  concentration  decreased  to  0.17  mg/kg  and 
JP-4  and  gasdine-range  organics  were  not  detected.  Because  the  BTEX  contamination 
(pardculariy  xylenes)  is  high  at  die  10-foot  depdi  rdadve  to  fod  concentrations,  it  is  sus¬ 
pected  that  it  may  originale  from  advents  from  die  waste  paint  tank.  Additional  sampling 
around  die  tank  and  at  various  depths  would  be  required  to  confirm  whether  die  tank  has 
leaked  waste  paint  products  to  the  surrounding  adl. 

No  adl  aamiries  fnmi  the  waste  paint  tank  area  were  submitted  for  metal 

andysis. 

4,2  J.4  Lower  Blnir  Area 

Petrdeum  hydrocarbons  and  PAHs  woe  observed  in  soil  sanqiles  collected 
from  SB29  in  the  lower  bhiff  area.  This  bwing  location  is  on  the  hillside  bdow 
Source  ST37  and  is  next  to  a  groundwater  aeqi  (SLQ5)and  monitoring  well  SPl-01.  This 
location  appears  to  have  grass  cuttings  and  odier  ground  maintenance  ddnis  dumped  hoe  on 
a  regular  basis.  It  is  speculated  diat  diis  could  be  a  site  where  individuals  have  changed  the 
oil  in  dietr  vehicles,  and  discarded  small  quantities  of  it,  ddiough  no  interviews  were 
performed  to  confirm  this.  Numerous  PAHs  were  detected  at  a  ttital  concentration  of 
5050  fig/kg  at  the  surfeoe  (aro  to  2  feet),  and  decreased  to  2240  mg/kg  in  die  4-  to  6-foot 
interval.  PAHs  were  not  analyzed  in  samides  odlected  at  dqNfas  lower  dian  6  feet. 
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Ualike  dw  PAHs  iqiwted  in  soil  boring  SB29,  dksd  conoentntioas  increased 
widi  dqMh.  Dkssd  was  detected  at  6.1  mg/kg  at  the  suiftce,  and  at  1160  mg/kg  at  10  to 
12  ieeL  JP-4  and  gascdine  were  detected  at  the  10-  to  12-foot  interval,  at  600  mg/kg  and 
160  mg/kg,  selectively. 

In  addition  to  the  scdl  contaminants  in  SB29,  petndeum  hydrocaibons  were 
foimd  at  nine  separate  surfoce  soil  locations,  unrriated  to  the  soil  borings.  Sml  sanqdes  were 
otdlected  from  these  locations  (designated  widt  the  prefix  SL)  as  part  of  die  ectdogical 
assessment  to  evaluate  die  inqiact,  if  any,  of  contaminants  on  terrestrial  plants.  The  higheri 
values  of  petroleum  hydrocarbons  were  observed  at  locations  SUM  and  SL16.  Gasoline 
(670  mg/kg),  JP-4  (280  mg/kg),  and  diesd  (US  mg/kg)  were  rqxvted  in  surfoce  soils  at 
SUM  in  an  area  <rf  stressed  v^etadon.  Gasoline  (271  mg/kg),  JP-4  (S2S  mg/kg),  and  diesel 
(400  mg/kg)  were  detected  at  SL16  in  an  area  where  v^etadon  qipeared  to  be  normal. 
Hen«!ne  was  repotted  in  samples  collected  firom  SL2S  at  the  1-  to  2-foot  and  2-  to  3-foot 
intervals  (0.013  mg/kg  and  O.OIS  mg/kg,  reapecdvdy).  Diesel,  JP-4,  and  gasdine  were 
detected  at  levels  below  100  ppm  at  SUM  and  SL16  in  areas  'wdiere  vegetation  appeared 
normal.  These  consdtuents  were  also  observed  at  SL19  and  SL20,  but  at  concentrations  less 
than  10  mg/kg. 

Metal  concentrations  in  the  lower  bluff  area  soils  that  exceeded  badcground 
congtarison  levds  indude  arsenic,  barium,  caldum,  lead,  manganese,  nickd,  silver,  and 
sodinm.  Most  of  diese  were  observed  at  surfoce  soil  sanqding  tocadon  SL25  at  die  zero  to 
1-foot  dqidi,  immediately  north  of  die  ARRC  railroad  tracks  in  an  area  of  stressed 
vegetation. 


I 


» 


» 


I 


» 


» 


IfidEd  was  rqwcted  at  10  times  the  background  oonqNurison  levd  in  SL27, 
approximatdy  SOO  feet  west  of  SL23  in  an  area  vriiere  v^etadon  qipeared  normal.  Lead 
was  detected  at  qiprmdmatdy  20  times  badtground  conqiarison  concentradons  in  sdl  txmng 
SB29  at  the  4-  to  6-foot  intervaL  Barium,  caldum,  manganese,  lead,  and/w  sodium  were 
detected  at  concentrations  rignificandy  higher  than  background  conqiarison  levds  at  sample 


» 
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locatiflBi  SUM  (aero  lo  1-fbot  iaterval),  SL16  (aero  to  1-foot  mteival),  SL2S  (1-  to  2-fooc 
and  2-  to  3-foot  iittervals),  SL27  (aero  to  1-foot  and  1-to  2-foot  inteivals),  and  SB29  (aero  to 
2-foot  and  4-  to  6-foot  intervals). 


Fly  ash  dqwsits  were  aanqded  on  the  bluff  below  Monitoring  Well  SPl-02  at 
dqidu  between  2  and  4  foet.  The  total  metals  results  for  fly  ash  and  leachate  ate  shown  in 
ThUe  4-7.  Conqatison  of  die  fly  ash  metals  to  total  metals  in  background  soils  (Table  4-S) 
shows  that  barium  is  present  in  die  fly  ash  at  greater  dian  five  times  the  background  levels. 
Lead,  potassium,  sodium,  and  thallium  only  sli^y  exceeded  the  badcgtound  comparisons. 
Aluminum,  iron,  manguieae,  and  vanadtum  ate  not  above  soil  background  levels  in  die  fly 
adi.  Arsenic,  barium,  vanadium,  and  zinc  in  die  fly  ash  may  be  leadiing  out  at  levels  that 
represent  the  detected  concentrations  in  the  groundwater  (see  Section  4.3.2.4). 

4^,5  Post  Road  Corridor 

One  petroleum  hydrocarbon  (toluene)  on  soil  was  rqxnrted  at  0.068  mg/kg  in 
SB13,  on  die  ncwth  side  of  Post  Road  and  west  of  the  Post  Road  and  Reeve  Boulevard 
intersection.  The  ttduene  was  detected  at  a  dqitfa  interval  of  2.5  to  4.5  feet  Soil  boring 
SB13  was  converted  to  monitoring  wdl  MW13  during  the  field  investigation.  Groundwater 
at  MW13  wu  measured  at  1.4  feet  below  ground  surfeoe,  suggesting  that  fiuctiiating  levds 
of  contaminated  groundwater  may  have  affected  soil  in  the  smear  zone. 

Swne  metal  conoentrations  tqwrted  on  surftce  soil  sanqiies  collected  from  the 
Post  Road  conidor  were  s^nificantly  higher  than  the  background  comparison  values. 
Calchim,  lead,  aodiam,  and  zinc  at  two  to  eiglu  times  higher  dm  badcground  comparison 
levds  were  reported  at  surfeoe  sampling  location  SL20,  at  die  zero  to  l-foot  interval.  Lead 
was  also  detected  at  twice  the  background  comparison  levd  in  die  1-  to  2-foot  interval  at 
SL20.  Location  SL20  is  a  grassy  area  between  Post  Road  and  die  ARRC  tracks,  in  die  golf 
course  seep  area  (Source  SS53).  Stressed  v^etation  was  observed  at  SL20  during  die 
tenestrial  survey. 
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OllMsr  mettds  woe  only  slt|)itly  above  ttie  beckgroimd  compariaoii  levels,  were 
aear  (he  detection  fieut,  or  were  flagfed  as  estimaitis  because  of  QC  oonsidecations. 


4J 

4^1 


Groondwater 


Qroimdwaler  data  were  collected  during  one  round  oi  sanqding  ftoni  new  and 
previously  faistalled  wells  in  OU  S.  All  saaqdes  were  analyred  for  BTEX  OMiqwunds; 
gasoline*,  diead.-,  and  JP-4-iange  hydrocaibons;  and  semivdatile  organic  compounds. 
HalogriuKcid  VOCs  were  also  analyzed  in  sanqdes  fitom  the  new  wells  installed  during  die 
investigation:  these  wdls  are  located  in  areas  tqigiadient  and  downgradient  of  the  OU  5 
pqidine  corridor  souree  areas.  All  groundwater  sanqtles  were  analyzed  with  a  30-day 
turnaround  time  at  the  Redding,  California,  labmatory.  Tsble  4-8  lists  a  statistical  sununary 
oi  organic  constituents  detected  in  OU  S  groundwater  sanqiles.  Figure  4-7  provides  physical 
locations  ior  organic  constituents  delected  in  the  subareas. 

Tuget  analyle  list  (TAL)  metals  were  analyzed  for  dissidved  and  total  metals 
fitom  an  shallow  aquifer  monitoring  wdls  (MWOl,  MWQ2,  SPl-01,  SPl-02,  MWIS,  and 
MW16A)  near  a  fly  ash  dt^wsal  location  on  the  Muff  below  well  SPl-02,  at  the  western  end 
OU  S.  Wdls  MWOl  and  MW02  are  located  hydraulically  iqigradient  of  the  fly  ash 
dqmsits,  and  the  groundwater  results  fior  tiiese  wells  were  used  as  background  fior  the  other 
fbur  wdls  tint  are  located  in  or  downgradient  of  the  fly  arii.  Results  for  dissdved  and  total 
metals  m  sununariaed  in  TsUes  4-9  and  4-10,  reqwctivdy.  Only  die  results  from  tiie 
December  1992  samplmg  evem  are  presented  and  discussed.  Wdls  SPl-01  and  SPl-02  were 
also  sanqiied  in  Ai^ust  1992.  However,  die  total  metals  concentration  was  higher  in  August 
dwa  in  December,  «id  for  some  metals,  the  difiference  was  lenfdd.  It  is  bdieved  that  die 
suipended  soflds  observed  in  the  sam]des  from  the  August  sampling  caused  high  metals 
results  that  were  not  representative  the  groundwater.  During  die  December  sanqdii^,  a 
sobmerrible  punqi  was  used  and  resulted  in  low  turbidity  in  die  sanqiles.  Conaequendy,  the 
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Table  4-S 


Summary  of  Analtydal  Results  for  Detected  Organic 
Cmirtituents  in  Groundwmer  (Unper  Aquifer) 
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Table  4-9 


Summary  Amdyticd  Results  for  Dissolyed 
Metals  in  Groundwater  (Upper  Aquifer) 
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Analytical  Results  for  Total  Metals  In  Groundwato*  (Ui^ar  Aquifer) 


BMatof  An  OU  S  U/FS  lUreft 
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December  lembi  for  wells  SPl-01  and  SPl-02  are  considered  more  rqxeaentative  of  the 
total  metals  in  the  groundwater.  All  of  the  sampling  results  from  both  the  August  and 
December  sanqding  events  are  presented  in  Appendix  K. 

The  only  lower  aquifer  well  in  the  OU  S  study  area  tested  for  TAL  metals  was  » 

the  IGM  weU  (WSOl).  Four  wells  (LCM,  Inlet  Company  [WS02],  Baae  WeU  52  [BW52], 
and  Base  Wdl  02  [BW02])  were  tested  for  calcium,  iron,  magnesium,  potasaum,  and 
sodium  to  allow  a  geotechnical  arnipaiison  of  upper  and  lower  aquifer  waters.  Sampling  ^ 

results  are  summarized  in  Table  4-11. 

The  following  data  were  reviewed  to  determiite  background  levels  for 
inorganics  in  the  lower  aquifer:  I 


•  Elmendoif  supply  wells— BESG  data  found  in  the  Basewide  Background 
Sampling  Report  (CH2M  HILL  1992a),  and  data  collected  by  Black  & 

Veatch  (1990);  I 

•  MOA  sup{dy  wells— data  obtained  from  Mitch  Lite,  Shq>  Creek  Water 
Treatment  Plant,  Anchorage  Water  and  Wastewater  Utility,  MOA; 

•  Fort  Richardson  wells  (COE  1991);  and  I 

•  R^kmal  groundwater  well  data  obtained  from  USGS  computer 
database  and  rqmrted  in  the  Basewide  Badtground  SampUng  Report 
(CH2M  mix  1992a). 


The  background  data  were  reviewed  to  determine  if  the  analytical  detection  limits  were 
auitrirte  for  oonqwriaon  widi  die  data  collected  during  the  OU  5  investigation  and  if  wells  ^ 

were  located  near  potential  sources  of  contamination.  BESG  data  were  not  useable  for  back¬ 
ground  oonqntiion  because  of  higher  detection  limits  dum  the  OU  S  data  (far  example,  the 
BESG  data  had  a  detection  limit  of  10  pg/L  for  arsenic,  but  the  value  detected  in  WSOl  was 
4.1  fig^).  The  USGS  data  were  from  wells  near  die  Merrill  Reid  Sanitary  Landfill  and  h 
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Table  4-11 


Summary  of  Analytical  Results  for  Total  bfetab 
in  Water  Supply  Wells  (Lower  Aquifmr) 
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wcfB  dirnfamed  from  the  ooaiidentiMi  at  bedcsround  becmiae  oi  die  potential  for 
contaminmion  from  the  landfill. 


Rfore  4-8  shows  the  location  of  the  MOA  wdls  and  Fort  Richardaon  wdls 
sdeclBd  for  the  badtsround  conqiarison,  in  addition  to  the  four  OU  5  wdls  sanqded  during 
dieRL  Onfy  weQs  near  Shqi  Ciedc  were  cfaoaen  as  background  oonqioiison  wdls  so  diat  the 
dda  would  more  doady  reflect  die  hydrogeology  of  the  OU  S  study  area.  Tdde  4-12  diows 
die  data  for  the  wdls  from  die  lUack  A  Veatdi  investigation,  the  MOA,  and  the  COE. 

Black  A  Vcatdi  sanqiled  only  BW2  and  BWS2,  which  are  located  in  OU  S. 

There  is  some  d^iee  of  uncertainty  in  the  data  presented  in  Table  4-12 
became  it  was  collected  by  aevetal  invesdgatm  at  different  times  and  analyzed  in  different 
laboratories.  It  iqipears,  however,  that  standard  EPA  methods  and  QA/QC  diedcs  were 
made.  Because  of  the  different  sources  of  the  data,  die  badcground  conqniison  values  were 
not  cateulated  statistically,  as  was  done  for  the  background  sml  metals.  Instead,  die 
maximum  ooncentntion  detected  in  die  wdls  was  sdected  for  the  background  comparison. 

The  field  parameters  tenqietature,  pH,  and  qwdfic  conductance  were 
measured  at  eadi  wdl  diat  was  samitied.  Aldiough  diese  data  are  of  general  interest,  they 
are  most  qifdicable  to  die  geochemical  evaluation  of  the  confined  and  unconfined  aquifers, 
and  will  be  discussed  in  that  section. 

43.2  Dtaenasion 

433.1  Ujpgradient 


The  monitoring  wdls  located  in  die  upgradient  subarea  are  MWOl,  MW02, 
MWQ3,  MW04,  MW05,  MW06,  and  MW07.  AU  of  these  shallow  aquifer  wdls  were 
installed  as  put  of  this  investigation. 
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Background  Comparison  of  Total  Metals  and  Anions  in  Groundwatm* 
for  Lower  Aquifer  Wells  near  Ship  Creek 
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H«fc)|eMted  VOCs  won  detected  in  four  oi  the  levca  upgndieitt  wdU.  TCE 
was  detected  k  wella  MWOl,  MWQ2,  and  MW06  ranging  firora  5.2  to  52  iigfL. 

1.1.2.2- Tetndilaraediane  was  detected  in  MW07  at  a  ooncentiation  of  8  /ig/L.  Because 
there  are  no  known  sources  ci  these  oooqxMwb  in  OU  S,  it  is  likdy  that  diese  confounds 
are  leigiating  widi  the  groundwatn  from  qpgiadient  locations.  Low  levds  Of  bodi  TCE  and 

1.1.2.2- letradikinediane  were  detected  in  previous  invesdgatioos  in  wdl  1,  nduch  is 
iqpgradieat  of  MW06  and  MW07. 

BTEX  compounds  (excq)t  benzene)  were  detected  in  at  least  one  upgradient 
wdl  at  very  low  levels,  widi  only  one  concentration  (tduene  in  MWOd)  exceeding  1  iig/L. 
No  PAHs  were  detected  in  any  iqigradient  wdl  samples.  Gasoline-,  dksd-,  and  JP-4'range 
hydrocarbons  were  detected  in  several  wells  within  the  iqigradient  subarea  in  concentrations 
of  less  than  1  mg/L.  As  with  die  halogenated  VOCs,  the  low  frequency  of  detection  and  low 
conoentratioos  suggest  migration  from  smne  soutce(s)  upgradient  of  OU  S. 

Very  low  concentrations  of  bis(2-ethylhexyl)phthalate  were  detected  in 
monitoring  wdls  MW03  and  MW04.  Because  diere  is  no  known  source  of  this  compound  in 
the  tqigradient  subarea,  it  is  likdy  dud  these  concentrations  ate  die  result  of  migration  from 
sources  iqigradient  of  OU  3  w  of  laboratory  contamination. 

4^,2^  CorMw’ 

The  inpeline  conidm  wdls  include  SPl-02,  GW-dA,  W-16,  SP2/6-01  through 
SP2/6^,  SP4/11-03,  W14,  NS3-03,  and  MWlO. 

Ihe  second  highest  halogeruded  VOC  concentiatioo  detected  in  OU  S  was 
reported  for  wdl  SPl-02.  This  value  of  33  ftg/L  TCE  was  die  only  rqxnled  halogenated 
VOC  within  die  pipeline  corridor.  Because  SPl-02  is  downgradient  of  wdl  MW02  (whme 
this  compoiuid  was  also  detected),  it  is  possible  that  these  concentrations  indicate  a  pattern  of 
TCE  trampoct  in  groundwater  through  die  western  part  of  OU  5. 
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Only  one  wdl  in  die  pipeline  cotidor,  SP2/6-QS,  contained  any  delectable  fiid 
hydiDcaiboni.  A  ooncentratioa  of  0.1  nig/L  of  gaadino>iange  organics  was  measured  in  this 
well,  localed  dowi^radient  of  Sources  ST38/SS42.  Previous  investigations  detected  Tra  in 
wdl  SP2/64)5  at  5.8  mg/L  and  TPH  concentrations  ranging  from  1.0  to  64  mg/L  in  nearby 
wdls  SP2/6-03,  SP2/6-04,  and  GW-6A  The  absence  of  any  hydrocarbons  in  groundwater  in 
an  area  of  known  historical  fud  leaks  suggests  diat  the  inqmcts  of  past  leaks  on  groundwater 
have  been  attenuated  by  natural  i«ooeaaes. 

43  Waste  Faint  Tank 

A  monitoring  well  (MWll)  was  installed  near  a  waste  paint  tank  to  investigate 
potential  iflqMcts  iiom  the  tank  contents.  The  (xganic  oonqxwnds  detected  in  wdl  MWll 
were  toluene  at  less  than  1  /tg/L,  bis(2-ethylhexyl)phthalate  at  20  Mg/L,  and 
di-n-buty^ihthalale  at  1  mS/L.  The  tduene  concentration  is  to  levels  detected  in 
upgradient  wdls.  Elevated  xylenes  delected  in  soil  at  a  10-foot  dqdi  were  not  observed  in 
the  groundwater  sample.  The  low  levds  of  tduene  and  phdialates  do  not  indicate  that 
contents  of  the  tank  have  affected  groundwater  quality. 

4333  Lower  Bhiff 

Two  new  monitoring  wdls  (MWIS  and  MW16A)  were  installed  in  the  Lown- 
Btuff  subarea  during  diis  investigation  to  augment  die  one  existing  wdl  (SPl-01).  Dequte 
die  small  number  of  wells,  a  more  extenave  list  of  mganic  compounds  was  detected  in  this 
sdmrea  dnn  aqr  other. 

Hdogenated  VOC  compoimds  1,1-dichloroediane  (1.3  m8/L)  and  ddorodhene 
(1.3  Mg/L)  were  delected  in  well  SPl-01.  No  halogenated  VOCs  were  detected  in  wells 
MWIS  and  MW16A,  located  downgradient  of  SPl-01.  These  two  compounds  may  be  a 
d^radadon  product  of  TCE  delected  in  upgradient  wdls.  Wdl  SPl-01  marks  the  farthest 
downgradient  point  within  OU  5  at  whidi  a  halogenated  VCX^  was  detected  in  groundwater. 
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In  oootnat  to  the  diininiihitig  txead  idtfive  to  iqigiadient  and  pqidiiie  oonidor 
weBa  eihibittiri  halogeMHed  VOCa,  the  BTEX  oon^oonda  wen  delected  with  center 
fieqpieDcy  and  in  higher  concenfationa  in  lower  bhiif  wdla  than  any  other  area  of  OU  5. 

the  eKoqtdon  oi  ttduene,  all  EICX  compounda  wen  deteded  at  least  once  in  the  dim 
wdla  with  oonoentndiaoa  nmginf  from  leas  than  1  to  39  pig/L.  Well  SPl-01  had  the  hi^iest 
BTEX  contawinatioo.  No  well  oonqdeled  iqigradtent  of  SP1<01  contains  die  levd  oi  BTEX 
or  variety  of  compounds  found  in  this  wdl. 

At  least  one  foel  hydrocarbon  (dksd,  gaadine,  or  JP-4)  was  detected  in  each 
well  of  the  lower  bluff  subarea  wells.  As  with  die  BTEX  compounds,  the  greater  con¬ 
centration  is  present  in  SPl-01,  aldiough  all  delected  levels  are  less  than  2  mg/1.  Two  PAHs 
known  to  be  asaodaled  with  diead  fod,  m^thaleae  and  2-metfayliuq>thalene,  were  also 
found  in  groundwater  at  SPl-01.  Petrdeum  hydrocarbons  and  PAHs  were  also  present  in 
shallow  soil  aam|des  in  boring  SB29,  located  qsfMxndmatdy  IS  feet  from  wdl  SPl-01.  This 
may  indicate  diat  this  locatiai  is  a  localiaed  smirce  alien  petrdeum  products  sudi  as  waste 
automotive  oil  have  been  discarded. 

The  semivolatile  organic  compound  n-nitrosodiidienylamine  was  detected  in 
both  SPl-01  and  MW15  at  a  concentration  of  1  |tg/L.  The  lack  of  a  known  source  of  this 
oonqiound  and  the  very  low  concentration  make  it  difficult  to  determine  whether  these  data 
reflect  groundwater  ooncentrdions  m  are  the  result  of  laboratory  contamination. 

Qroundwater  samides  for  totd  and  dissdved  metals  wen  cdkcted  ftimn  wdls 
MWOl,  MW02,  SPl-01,  SPl-02,  MWIS,  and  MW16A  to  assess  potential  impacts  of  fly  ash 
diqiooed  of  along  the  edge  of  the  bluff  in  this  area.  According  to  the  wdl  construction  log. 
Monitoring  Wdl  SPl-02  was  installed  through  the  fly  adi.  Therdore,  wdls  SPl-01,  MW15, 
ttid  MW16A  ue  conridered  dowi^ndient  d  the  fly  ash  dqiosits.  Upgradknt  (background) 
water  qualhy  was  assessed  by  sanqding  wdls  MWOl  and  MW02. 
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FOufteen  metals  wefe  foimd  m  conontiatioiis  in  well  SP1-Q2  or 
dowagiadkat  wdls  dum  in  the  i^srsdieat  wdls.  A  con^wriaon  of  die  groundwater  lesula  is 
preseittBd  in  Tride  4-13.  Con^iariag  maxiimim  ooocentiatioos  detected,  die  following  trends 
cm  be  klefltified; 


•  Aluminum,  baiium,  iron,  manganese,  and  vanadium  were  detoxed  in 
the  lower  bluff  subarea  id  greater  than  five  tunes  the  upgcadient  levels. 
The  conceatradoos  oi  the  five  metals  also  increased  across  die  site  in  a 
downgradient  direction. 

•  Arsmic,  chromium,  copper,  kad,  nidoel,  seleoium,  and  zinc  were 
detected  in  die  lower  bluff  subarea  at  between  two  and  five  tunes  die 
upgcadient  levels.  The  maximum  concentradons  of  arsenic  and  lead  in 
the  pipeline  corridor  well  (SP1<02)  were  slightly  less  than  in  the 
maximum  concentradons  in  the  iqigcadient  subarea.  The  maximum 
concentration  of  adenium  on  the  site  was  in  die  pipeline  conidor  well. 
The  remaining  four  metals  increased  over  the  site  in  a  downgradient 
direction. 

•  Calcium  and  potassium  were  sUghdy  hinher  in  the  lower  bluff  subarea 
and  slighdy  Ira  in  the  pipeline  omridor  sidwiea,  conqwred  to  the 
maximum  upgradient  concentradons. 


ConqNuing  fly  ash  leachate  results  (Table  4-7)  to  the  shallow  aquifer  groundwater  results,  it 
appears  that  arsenic,  barium,  vanadium,  and  zinc  may  be  leaching  out  at  levds  diat  represent 
the  detected  concentradons  in  the  groundwater.  Naturally  occurring  levels  of  aluminum, 
iron,  and  manganese  in  OU  S  soils  are  most  Ukdy  reqionable  for  die  observed  raised  levels 
in  die  lower  bluff  area  groundwater. 


4.3  Feat  Road  Corridor 


Six  wdls  ate  included  in  die  Post  Road  corridor  NSS-Ofi,  MW09,  MW12, 
MW13,  MW14,  and  MW17.  On  the  western  site  of  OU  5,  weUs  MW14  and  MW17  were 
bodi  five  of  contamination,  with  the  excqitkm  of  trace  levels  of  bis(2-ethylhexylj^^ialate  at 
%  1  fi^/L  (estimated)  well.  This  compound  is  Really  observed  as  a  common 

laboratory  contaminant,  and  is  not  consideted  significant  at  die  low  levds  detected.  In  the 
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Tabbi-U 

Comparifon  of  Downgradient  to  Upgradknt 
Total  KUtab  for  foe  Upper  Aipiifer 
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middle  of  <XJ  S,  at  MW09  and  MW13,  low  levds  of  petroleum  hydiocaibaiis  woe 
datartad  aa  well  aa  trace  levds  ci  phthalatea. 


No  balogenalBd  VOCs  weie  detected  ia  fioiindwater  in  die  Poet  Road 
oonidor.  Became  no  known  aource  oi  dieee  compounds  esdsts  in  OU  S,  the  hak^eaaied 
VOCs  are  useftil  in  tndng  groundwater  flow  through  OU  5.  The  thsqipeaianoe  oi  these 
compounds  in  the  Post  Road  conidor  suggests  that  eUfaer  the  groundwater  containing 
halogemded  VOCs  is  being  disdiarged  in  seeps  along  the  lower  bluff  area  or  the  halogenated 
VOC  oonoentiations  are  reduced  below  detection  due  to  mixing  with  groundwater  in  the  Ship 
Creek  alluvium. 

Monitoring  Well  MW13  was  the  only  location  where  any  of  the  four 
conqiounda  included  in  the  BTEX  group  were  detected  in  the  Post  Road  cmridtx.  A  single 
estimated  value  of  0.6  itg/L  benzene  was  detected  at  this  well.  Low  levels  of  fuel 
hydrocaitaons  were  also  detected  at  wdls  MW09  and  MW13.  Diesel-range  organics  were 
delected  at  MW09,  and  both  JP-4  and  gascdine-range  organics  were  detected  at  MW13.  All 
concentratiaos  were  less  than  1  mg/L.  Both  of  dieae  wells  are  downgradient  of  r^orted  fuel 
hydrocarbon  ^nlls  at  Sources  ST3S/SS42  and  SSS3,  and  tfwae  concentrations  may  rqnesent 
the  remnants  of  die  fuel  that  migrated  to  the  water  table. 

Eadi  of  the  Post  Road  corridor  well  sanqdes  contained  a  phdialale  conqxnind 
exoqit  MW12  and  NS3-03.  No  concentrations  exceeded  2  fig/L.  As  at  other  locations,  it  is 
difficult  to  determine  whether  these  data  reflect  groundwater  concentrations  or  are  die  result 
of  laboratory  contamination. 

4,3^^  Golf  Coone  Beaver  Pmd 

Two  monitming  wdls  (MW30  and  MW31)  were  installed  in  diis  subarea  in 
addition  to  existing  wells  NS3-02,  SP4-Q2,  SP4/11-01,  and  GW-4A.  No  contaminants  woe 
detected  in  groundwater  samples  collected  at  any  of  the  wells  in  this  subarea.  Although  this 
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is  cottaty  lo  siqwctstions,  siaoe  low  levels  of  ftid  hydrocsiboas  (Tm  less  than  3.3  togfL) 
sad  volatile  o^puiics  (TCE  and  other  compounds  less  than  3  iigfL)  were  delected  in  previous 
inveatigidioBS,  it  is  in  sn  area  of  groundwater  discharge  and  it  is  posable  diat  the  readily 
mobile  contaminanta  have  been  flushed  from  the  area.  Given  the  hydrologic  ccoditions  in 
thb  subarea,  Mudytical  results  for  sutftoe  water  and  sediments  may  provide  a  better 
indication  of  environmental  impacts  oi  fuel  spills  dian  the  groimdwater. 

43.2.7  Lower  (Confined!)  Aquifer 

Lower  aquifer  groundwater  samides  were  collected  from  Rlmendorf  AFB 
Siqgdy  Wdls  2  and  32,  and  offnte  water  siq)|dy  wells  for  two  businesses  along  Post  Road, 
IGM  and  the  Inlet  Co.  No  organic  contaminants  were  detected  in  any  of  these  wells.  A 
summary  of  the  results  for  total  metal  analyses  is  presented  in  Table  4-11.  Only  total 
magnesium,  potassium,  and  sodium  were  slighdy  hi^ier  in  OU  3  RI  data  than  in  the 
badtground  wdb  (Table  4-12).  Arsenic  has  a  risk-based  coocentradon  of  qqproxiinatdy  3 
itgfL  for  an  excess  lifetime  cancer  risk  of  1  in  10,0(X)  (EPA  Region  10,  1991),  but  a  higher 
federal  (40  CFR  141)  and  state  (18  AAC  8(0  drinldng  water  standard  of  30  itgfL.  Arsenic 
^grears  in  low  levds  in  6  of  the  9  background  weUs  outside  of  the  OU  3  study  area, 
indicating  diat  the  levels  found  in  the  IGM  well  during  die  OU  3  investigation  and  in  BW2 
by  Black  ft  Veatdi  (1990)  can  be  attributed  to  naturally  occurring  background  levds  and  not 
to  OU  3  sources. 

4333  Geechemical  Evahiation 

hftgor  cation  and  anion  data  and  Add  parameter  measurements  were  used  to 
congare  the  geodiemical  characteristics  of  confined  and  unconfined  groundwater  widiin 
OU  3.  The  unconfined  groundwater  data  were  collected  at  several  OU  3  monitoring  wells. 
The  confined  groundwater  characteristics  were  evaluamd  using  data  collected  at  three  water 
sqipty  wrlls  located  in  ot  near  OU  3. 
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The  catkms  used  for  die  ooeaparison  were  disatdved  concentntkMU  for  the 
UBOonfined  eqpuler  and  total  concentrations  for  the  confined  aquifer.  Because  the  confined 
aqu^for  wdls  are  water  »tpidy  wells  diat  produce  water  of  very  low  turbidity,  it  was  assumed 
that  Ming  the  total  concentrations  will  not  introduce  significant  error  into  the  conqiariaon. 

The  cadons  used  in  this  comparison  were  calcium,  sodium,  magnesium,  and 
potassium.  The  anions  include  bicarbonate,  carbonate,  chloride,  and  sulfote.  The  anion 
nitrate  was  not  included  in  die  comparison  because  concentradons  of  this  ion  were  very  low 
at  all  wdls. 


Field  parameter  results  are  listed  for  all  wells  and  surfoce  water  locations  in 
Appendix  M.  These  data  show  that  water  from  both  aquifers  is  rdadvdy  low  in  total  dis¬ 
solved  solids  as  indicated  by  the  ^edfic  conductance  data.  Vfith  die  excqition  of  wells 
MW17  and  SP2/6-03  (the  qiedfic  cmductance  readings  for  diese  two  wells  appear 
anomalous),  the  unoonfined  aquifer  data  ranged  ficom  280  to  550  micro-mhos  per  cendmeter 
(ftmho/cm).  The  two  confined  wells  monitored  for  field  parameters  were  both  less  than 
200  Mmho/cm.  However,  the  pH  for  the  two  confined  wdls  was  8  or  greater  while  the  pH 
for  die  unoonfined  aquifer  wdls  was  considerdily  lower,  ranging  from  6.3  to  7.38. 
Tenqientures  measured  at  confined  aquifer  wells  were  between  5  and  6  d^rees  Cdsius, 
addle  die  unoonfined  aquifer  wdls  ranged  frcrni  6.2  to  11.7  d^rees  Cdsius.  The  unconfined 
temperatures  reflect  the  greater  influence  of  atmo^dieric  temperatures  on  the  shallow 
groundwata*. 


A  plot  was  constructed  using  the  nugw  ion  data  from  the  two  aquifrn  to 
illnstiate  the  idadve  percentage  of  eadi  km  in  the  two  groundwaten.  The  plot  presented  in 
Rgme  4-9  iDustrates  die  fdlowing  general  duuacterisdcs  of  bodi  groundwaters: 


•  The  dominant  aiuon  in  all  samples  is  bicarbonate.  Low  concentrations 
of  chlotide,  nitrate  (measured  in  unconfined  aquifer  wells  only),  and 
carbonate  (found  in  confined  aquifer  wdls  only)  and  modoate  levels  of 
sulfete  were  also  detected. 
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Figure  4.9.  Pipw  Plot  Compsrtag  Coaflued  &  Unconflucd  Groundwater  Results, 
Etaneudorf  AFB,  Auchorage,  Alaska 
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•  The  dominant  catiofl  in  the  two  uncoofined  aquifer  aunptei  and  the 

sample  from  siqifriy  wdl  BW2  is  caichim.  Appraodmatdy  equal  I 

quantities  of  calcium,  nuignesium,  and  sodium  were  found  in  die 
sanq>le  ftom  siqiply  wdl  WSQ2,  and  sodium  is  die  dominant  cation  in 
samples  from  wdls  WSOl  and  BWS2. 

ft  is  common  for  calcium  and  magnesium  to  be  die  mod  prevalent  cations  in  groundwater  On  ^ 

sUicde  rodO  that  is  near  die  area  of  rediaige.  Ibe  rdadvdy  high  concentrations  of  ■«««««" 
in  the  three  confined  aquifer  wdls  (WSOl,  111^02,  and  BWS2)  are  not  consistent  widi  diis 
earpectation.  The  reason  for  this  qiparent  increase  in  sodium  is  not  known.  Hie  I 

between  the  rediaige  area  and  Elmendorf  AFB  is  similar  frv  both  the  confined  and 
unoonfined  aquifers,  and  no  minerals  have  been  identified  in  the  confined  aquifer  diat  would 
increase  die  sodium  concentration  rdadve  to  die  unconfined  aquifer  values.  Salt-water  intru¬ 
sion,  another  potential  explanation  frv  elevated  sodium,  is  not  occurring  at  dieae  wdls 
because  cfaknide  and  specific  conductance  levds  are  consistent  widi  unconfined  aquifer 
valves.  B  is  possible  that  die  elevated  sodium  concentrations  are  die  result  of  water 
softeners,  whidi  ^pically  exchange  sodium  for  caldum  and  magnesium  to  reduce  hardness.  I 

B  is  possible  that  die  samples  were  collected  from  wdb  widi  water  softener  units  installed. 

4.4  Surface  Water  and  Sedhnente 

» 


4.4.1  Results 

Surface  water  and  sediment  samples  were  cdlected  from  Ship  Credc,  die  golf  » 

course  beaver  pood,  and  ponds  and  drainage  ditches  that  oqituie  OU  5  runoff.  Rguie  4-10 
shows  die  surfece  water  and  sediment  sampling  locati(»s.  In  accordance  with  the  sanqiling 
schedule  ^ledfied  in  the  work  plan  (CH2M  HILL  1992b),  surface  water  and  sediments  were 
sanqded  in  the  qning  and  late  nimmer  in  Shqi  Creek  and  the  golf  course  beaver  pond.  Hie 
odier  poods  and  drainage  ditdies  were  samided  mice;  locations  SW/SE06,  07,  08,  and  09  in 
die  filing,  and  SW/SEIO,  11,  12,  and  13  in  die  late  summer.  Tables  4-14  through  4-18 
present  statistical  summaries  of  organic  and  inorganic  constituents  in  surfru»  water  and  sedi-  » 

meats. 
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Table  4-U 


SoBuaary  of  Andytkal  Results  fiu*  Dbsirived  Metab  in  telboe  Water 
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As  discussed  in  Section  2.1.6,  n  suitable  beckfroond  vefamoe  pond  not 
potentially  aflecled  by  an  Bmendorf  AFB  OU  could  not  be  identified.  Therdbee,  die 
lolkwwng  nature  and  extent  disawskint  of  potertial  contaminants  in  pond  sinfiKe  water  and 
sediments  camiot  be  dabmted  on  in  terms  of  contaminants  detected  in  oonq»rison  to 
background  values  of  the  analytes.  Conversely,  a  background  reference  san^de  station  was 
estaMidied  for  Biqt  Creek  (SW/SBOl),  and  conqiarisons  ci  analytes  detected  downstream  are 
made  to  the  reference  station  (see  discussion  in  Section  4.4.2.2).  Although  the  Shqi  Creek 
reference  sample  station  is  upstream  oi  OU  S  (Hmendorf  AFB-Foct  Ridiardaon  boundary),  it 
is  poesihlf  diat  dienilcal  concentrations  detected  could  be  contributed  from  runoff  fiom  Fort 
Richardson,  Gtenn  Ifighway,  or  smne  odier  upstream  source. 

Additionally,  laboratory  analyses  provided  bodi  total  and  dissolved  (soluble) 
concentrations  dma  of  the  inorganic  analytes  delected.  For  the  purpose  of  brevity,  only  the 
maximum  disatdved  concentrations  of  inorganic  elements  detected  are  discussed  in  the  text. 
Total  metal  ooncentiations  are  summaiued  in  TaUe  4-16. 

The  results  of  die  nature  and  extent  of  contamination  is  organized  to  follow  the 
igigiadient-to-downgradient  transition  of  potential  contaminants  dirough  OU  5. 

4^1.1  Beaver  Pond  (SW/SE13) 

Suffece  water  was  sanqiled  at  this  beaver  pond  to  cocrdate  the  site  qiedfic 
chemical  eoncmetration  data  with  observed  stressed  vegetation  effects  at  seep  SL29  (see 
Section  6.2.2^ 

No  organic  dtemicals  were  detected  in  the  surfeoe  water  samples.  Metals  and 
other  t^H*g— detected  indude  bariom  (O.OS3  mg/L),  beiidlium  (0.(X)061  mg/L),  calcium 
(57.2  mg/L),  copper  (0.0219  mg/L),  iron,  lead  (0.0007  mg/L),  magnesium  (11.3  mg/L),  ma- 


iHMiWB  (0.042  mg/L),  nkkd  (0.0111  mg/L).  potassium  (3.S8  mg/L),  sodtum  (7.39  mg^), 
vanadium  (0.0027  mg/L),  and  zme  (0.0589  mg/L). 

All  TAL  list  chemicals  were  detected,  with  the  exception  oi  merewy,  silver, 

mmI  AalHiMii, 

4.4.1J  GntrCoarre  Beaver  Pood  (SW/SE04  and  SB05) 

This  beaver  pood  is  downgiadieat  of  source  area  SD40,  (the  oil  sewage  £rom 
dm  Uiiff  areiO  ontl  slightly  west  and  downstream  oi  source  area  ST46  (the  JP-4  fuel  line 
Ieai0>  detected  in  the  golf  course  beaver  pond  sur£me  water  include  TFH  gas 

(0.052  mg/L),  l,l,2,2-tetrachl<Hediane  (0.(X)43  mg/L),  benzene  (0.0006  mg/L),  bduene 
0>.0007  mg/L),  and  tdchlorediene  ^.(X)66  mg/L).  l^fetals  and  other  inorganics  detected 
indude  alumiiHim,  arsenic  (0.(XX)8  n^/L),  barium  0)>2O3S  mg/L),  caldum  (68.6  mg/L), 
copper  (0.0047  mg/L),  iron  (0.243  mg/L),  lead,  magnesium  (11.7  mg/L),  manganese  (1.39 
mg/L),  potassium  (0.941  mg/L),  sodium  (4.63  mg/L),  thallium  (0.0008  mg/L),  vanadium 
^.0021  mg/L),  and  zinc  (0.039  mg/L). 

Organic  chemicals  detected  in  the  sediments  indude  2-methylnaphthalrne 
(0.1  mg/kg),  his(2-ediylhexyl  {dithalate  (0.43  mg/kg),  ethylbenzene  (0.26  mg/kg),  JP-4  (100 
mg/kg),  wgththalene  (0.069  mg/kg),  phenanthrene  (0.077  mg/kg),  TFH-dksd  (21  to  63 
mg/kg),  TFH-gas  (17  mg/kg),  and  total  xylenes  (1.1  mg/kg).  All  TAL  metals  were 
detected,  with  die  excqidon  of  dudlium. 

4.4.1.3  Wedand  Fond  (SW/SE06) 

Hus  very  shallow  wetland  pond  (iq;i  to  6  indies  deep)  at  the  base  of  the  lower 
Muff  is  located  somheast  of  source  areas  ST38  (a  JP-4  fiid  line  lealO  and  SS42  (a  diesd  fiid 
tpOlsile).  Tohicae  0).0027  mg/L)  is  the  only  organic  contaminant  detected  in  the  wetland 
pond  surfime  water  samides.  Inorganic  diemicals  diat  were  detected  indude:  aluminum. 
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•faesic  (0.0014  mg/L),  barium  0.050  mg/L),  caldun  (91.1  mg/L),  inm  (2.4  mg^), 
magneriiim  (12.7  mg/L),  tnai^aneae  (2.8S  mg/L),  potassium  (0.983  mg/L),  sodium  (3.2 
o^/L),  and  vandium  (0.0023  u^/L). 

The  otganic  chrnnkals  detected  in  sediments  include  andiracene  (0.23  mg/kg), 
duyaene  0>«12  mg/kg),  ediylbemene  (0.4  mg/kg),  pheaandueae  (0.27  mg/kg),  total  fud 
hydrocaabon  (TFH)  diesel  (7,400  mg/kg),  TFH  gas  (17  mg/kg),  toluene  (0.026  mg/kg),  and 
total  iqrleoea  (3.7  mg/kg).  AU  TAL  list  metals  were  delected  in  tihe  sediment,  with  the 
exoqition  <tf  thallium. 

4.4.1.4  Saowmelt  Fund  (SW/SE07) 

This  beaver  pond,  lefetied  to  as  die  snowmdt  pond,  is  direcdy  below  the  bluff 
where  base  snow  diqiosal  occurs.  It  is  also  slightly  southwest  of  source  area  ST38,  die  JP-4 
fiid  line  leak  source. 

Organic  chemicals  detected  in  the  snowmelt  pond  suifice  water  include: 
l,2-didila(oethane  (0.0026  mg/L),  trBna-l,2-didiloroethene  (0.0019  mg/L),  and  TCE 
(0.(X)14  mg/L).  Metals  and  odier  imuganic  elmnents  detected  include  arsenic 
(0.0013  nig/L),  barium  (0.16  mg/L),  calcium  (81.7  mg/L),  magnesium  (10.7  mg/L), 
manganese  (1.63  mg/L),  potassium  (1.37  mg/L),  sodium  (13.2  mg/L),  vanadium  (0.0039 
mg/L),  and  zinc  (0.0031  mg/L). 

PCBa  (Aiodilor-126(0  were  delected  in  dds  conporite  sediment  sampie  at  a 
concentration  of  1.6  mg/kg.  Odier  organics  detected  in  the  sediments  include 
2-metfayhMpbthalene  (0.037  mg/kg),  d-mediy^ihewd  (0.089  mg/kg),  benzo(a)pyrene 
0.091  mg/kg,  benzo(b)fluoianthene  (0.038  mg/kg),  benzo(k)fluoianthene  (0.063  nig/kg), 
bia(2<€tlqdhez]d)  phdialate  (0.24  mg/kg),  diryaene  0).083  mg/kg),  fluocandiene  (130  mg/kg), 
phenandirene  (0.092  mg/kg),  and  pyrene  (0.13  mg/kg).  All  TAL  list  metals  were  delected, 
widi  the  eamption  of  silver. 


i 


4AdJS  IhrfrVMidGSW/SEII) 

Hus  bluff  pood  (qipraximatdy  haliWay  up  die  side  bluff)  is  located 
downgiadieiU  oi  source  area  ST37,  the  site  of  a  diesd  fiid  line 

Qipnic  chemicals  detected  ui  die  bhiff  pond  surlhoe  w^er  000^  ctf  the 
following:  1,1-didiloroeduuie  ^.0023  mg/L),  4-nieth^phenol  (0.007  mg/L),  benaene 
(0.0015  mgfL),  bromomediane  0>-0013  rag/L),  ethylbenzene  (0.012  mg/L),  JP-4  (0.77 
mg/kg),  naphthalene  (0.001  mg/L),  TFH-gas  (0.3  mg/L),  toluene  (0.027  mg/L),  and  total 
xylenes  (0.019  mg/L).  Inoigank  diemkals  detected  include  arsenic  (0.0016  mg/L),  barium 
(0.028  mg/L),  calcium  (79.2  mg/L),  iron  (0.309  mg/L),  magnesium  (17.8  mg/L),  manganese 
(1.56  mg/L),  potassium  (1.62  mg/L),  sodium  (7.790  mg/L),  and  vanadium  (0.0015  mg/L). 

Organic  chonicals  detected  in  the  sediments  include  ethylbenzene  (0.93 
mg/kg),  TFH  diesel  (1100  mg/kg),  TFH-gas  (180  mg/kg),  and  total  xylenes  (6.2  mg/kg). 
Metals  detected  In  die  sediments  are  shown  on  Hgure  4-11. 
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4^.1.6  Drainage  Ditch  (SW/SE09) 

This  drainage  ditch  samide  station  is  located  to  the  soudiwest  of  source  area 
ST37  at  die  western  perimeter  of  OU  5. 

1,1,1-Ttidiloroediane  (0.0018  mg/L)  is  die  only  organic  dmnical  detected  in 
foe  drainage  dteh  surfooe  water,  foocganic  elements  detected  include  barium  (0.0155  mg/L), 
becylliitm  (0.00062  mg/L),  cadmium  (0.0014  mg/L),  calcium  (83.4  mg/L),  magnesium 
(22.4  mg/L),  nuaganese  (0.170  mg/L),  potassium  (1.5  mg/L),  sodium  (7.63  mg/L),  and  zinc 
(0.0136  mg/L). 

Organic  chemicals  detected  in  foe  sediments  include  phemd  (0.072  mg/kg).  All 
TAL  list  metals  were  detected,  wifo  die  excqition  of  mercury,  silver,  and  foalHum. 


» 


i 
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4A1.7  DniMfe  Ditch  (SW/SEUO 

This  dndnage  ditch  stnqtling  station  Ounction  of  Post  Road  and  Whitney  Road) 
is  outside  the  defined  boundary  oi  OU  S,  but  does  receive  all  the  dndnage  firam  the 
slonnwalBr  Mherocptor  at  sanqde  station  SW09,  n»off  irooi  the  Elmendorf  AFB  bluff  outade 
OU  S,  ud  poasiUy  drainage  or  infiltration  firom  the  ARRC  property  between  the  base  of 
die  Muff  and  its  discharge  point  at  Post  and  Whitney  reads. 

The  only  organic  chemical  delected  in  the  drainage  ditdi  surface  water  was 
1,1,1-tridiloroethane  (0.0019  mg/L).  Inorganic  chemicals  detected  include  barium  (0.0202 
mg/L)y  beryllium  (0.00061  mg/L),  calcium  (82.2  mg/L),  magnesium  (25.0  n^/L), 
manganesr,  ^.0215  mg/L),  nickel  (0.0097  mg/L),  potassium  (1.84  mg/L),  sodium  (9.53 
mg/L),  vanadium  (0.003  mg/L),  and  zinc  (0.0039  mg/L). 


i 


» 


I 


All  TAL  list  metals  were  detected,  with  the  excqidcm  of  mercury,  silver, 
dudlium,  and  zinc. 


4A,lJi  Ship  Creek  (SW/SEOl,  SW/SEtD,  SW/SE03,  SW/SEll,  and  SE12)  I 

No  organic  contaminants  were  detected  in  Ship  Credc  sur&ce  water.  Metals 
and  odier  inorganics  detected  include  aluminum  (0.0618  mg/L),  andmony  (0.015  mg/L), 
arsenic  (0.0009  mg/L),  barium  (0.072  mg/L),  beryllium  (0.0061  mg/L),  calcium  ^ 

(M.7  mg/L),  copper  (0.(X)98  mg/L),  iron  0)>i61  mg/L),  lead  (0.0017  mg/L),  magnesium 
(13.3  ang/L),  aam^anese  ^.312  mg/L),  potassium  (1.3  mg/L),  sdenium  (0.00056  mg/L), 
sodium  (7.21  n^/L),  vanadium  (0.0026  mg/L),  and  zinc  (0.0133  mg/L).  I 

Organic  chemicals  detected  in  the  Sh^  Credc  sediments  include  4- 
met^^hend  (0.16  mg/kg)  at  SE03,  bis(2-ethylhezyl)phthalate  (0.076  mg/kg)  at  SBOl,  SB02 
(0.066  mg/k^,  and  SE03  (0.057  mg/kg),  a  diesd-range  organic  at  SEll  (4  mg/kg),  phend 
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(0.099  mg/kg)  at  SEll,  and  toluene  (0.015  nif/ki)  at  SEQ3.  All  inoifanic  chemical*  listed 
on  Tride  4-18  were  detected  in  die  aedimeats. 


4.44 


Tim  fhOowing  discussion  rdates  tbt  oocunenoe  of  potential  contamimmts  at 
each  of  the  sanqde  sites,  with  the  probable  or  suspected  OU  5  source  areas.  Background 
suiftce  water  and  sediment  chemical  data  are  available  for  comparison  of  Shq>  Credc 
contaminant  concentrations,  using  data  from  the  reference  location  at  the  Elmend(^-F(»t 
Richardson  boundary,  and  as  previously  discussed,  background  sediment  data  for  ponds  and 
drainage  ditches  are  not  available  because  a  suitri>le  reference  station  was  not  availri>le. 

All  die  TAL  metals  were  detected  in  the  sediments  at  eadi  of  the  sample  sites,  exo^  for 
mercury  in  the  drainage  ditches  (SEI09  and  SE1(Q;  dudlium,  found  only  in  the  snowmdt  pood 
sediment  (SE07);  and  zinc,  absent  in  drainage  ditch  sam^  SEIO. 

Baaed  on  the  absence  of  pond  sediment  background  data,  and  because  no 
reliable  ipproaches  currendy  exist  for  predicting  surface  water  concentrations  of  inorganic 
oonqxMnds  from  sediment  information,  further  discusrion  of  sediment  inorganics  in  the 
ponds  and  drunage  ditches  is  deferred  to  Sectkm  6,  Baseline  Risk  Assessment. 

A44.1  Foadh  and  Drdnage  Mchcs 


FbBd  (SW/SE13) 


nds  beaver  pood,  near  die  eastern  perimeter  of  OU  5,  qipean  to  be  outside 
the  padiway  fior  die  migratkm  of  fuels  and  other  organic  conqiounds,  because  none  were 
detected.  The  concentrations  of  inorganic  dements  are  consistent  with  dwae  found  in  die 
other  poods,  wldi  the  exception  (rfdevated  surfoce-water  doncentradons  copper, 
potassium,  and  ainc. 
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rmd  (SW/SE04  and  SW/SEI5) 
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Volatiles  delected  in  the  sur&oe  water  (1,1,2,2-tetiadiloroethane,  TCE,  and 
tohieae),  Mid  volatiles,  semivdatiles,  PAHs,  and  fud  hydrocarbons  delected  in  die 
sediments— namdy  bis(2-ed)ylhexyl)phtha]ate,  ethylbenzene,  JP-4,  TFH-diesel,  TFH-gas, 
tohieae,  x]deae,  nqihthalene,  and  phenanthrene-^ipear  to  be  consistent  with  petroleum 
contamination  dud  would  be  expected  downgradknt  from  sources  SD40  and  ST46. 

Solvents  detected  in  the  surfrue  water  include  1,1,2,2-tetrachloroediane  and 
TCE.  No  advents  were  detected  in  the  sediments.  The  origin  of  the  solvents  appears  to  be 
from  upgradieat  sources  baaed  on  sample  results  from  upgradient  wells. 


f 


The  concentration  of  metals  and  other  inorganics  in  the  surfrce  water  is 
consistent  with  concentrations  found  in  other  pond  surfrice  waters,  excqd  for  the  unique 
occurrence  of  diallium. 

Wetland  Pond  (SW/SE06) 


This  pond  is  located  downgradient  of  two  OU  5  source  areas  (ST38  and  SS42. 
The  vdatiks,  PAHs,  and  fuel  hydrocarbons  detected  in  the  pond  surface  water  (toluene),  and 
those  in  the  sediments,  such  as,  andiracene,  chrysene,  ethylbenzene,  jrihenantiirene,  TFH 
diesel,  Tl^-gas,  tduene,  and  xylene,  appear  to  be  from  those  source  areas. 

Snowmelt  Fond  (SW/SE07) 

Vdatiks  were  detected  in  the  surface  water  only,  and  include  trana-1,2- 
didiloeedicne  and  TCE.  This  is  the  only  samide  station  s^wte  tians-l,2-didiloroediene  was 
detected  (Rgure  4-10).  The  following  mganic  elements  were  delected  in  tiie  sediment 
san^les:  PCB  (Arodor  1260),  2'methylnaidithalene,  4-tnetiiylidienol,  benzo(a)pyrene, 
benzo(b)fliio(andiene,  benzo(k)fluotantiiene,  bis(2-ethylhexyl)-iditi)alate,  chrysene,  fluoran- 
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ttme,  phawnihrene,  and  pyrene.  Hiis  pond  reoeivet  aiowradt  tmaff  fmn  the  cmt  ci  the 
OU  5  Muff,  and  is  southwest  of  source  areas  ST38  (JP-4  fuel  line  leak)  and  SS42  (diead  fuel 
9ill).  Snow  plowed  from  Elmendocf  AFB  roads  and/or  aircraft  taxiways  may  have  contri¬ 
buted  to  the  occurrence  of  vcdatiles,  semivolatiks,  and  PAHs,  u  well  as  the  migration  oi 
dtese  elements  from  die  ST38/SD40  sources. 

PCBs  (Arocitv  1260)  were  detected  in  the  sediments,  and  may  have  entered 
drains  or  have  been  landfilled  on  Elmendorf  AFB  upgradient  of  OU  5  (CH2M  HILL, 
i992a).  Ibe  origin  of  the  PCBs  is  unclear. 

BtaffPondCSW/SEOS) 


Volatiles,  semivoladles,  PAHs,  and  fuel  hydrocarbons  detected  in  the  surface 
water  include  4-fflethylpheiKd,  bemene,  bromomethane,  1,1-dichloiroediane  ethylbenzene,  JP- 
4,  nqihthalene,  TFH-gas,  toluene,  and  total  xylenes.  Organic  compounds  detected  in  die 
sediments  include  ethylbenzene,  TFH  diesd,  TFH-gas,  and  total  xylenes. 

This  pond  is  downgradient  of  Source  ST37  (diesel  fuel  line  leak),  and  based  on 
the  oocumnce  oi  Imish,  grass  dopings,  and  trash  observed  during  samiding  activities, 
qipean  to  have  been  used  as  a  small  di^xMal  area.  The  fuel  line  kak  and/or  past  waste 
diyiaal  practices  vpeu  to  be  die  likdy  sottroe(s)  of  contamination  found  in  this  Muff  pood. 

Drainage  DKch  (SW/SE09) 

The  sample  station  at  diis  drainage  ditch  u  southwest  of  source  area  ST37 
(diead  fud  line  leak),  and  is  next  to  the  ARRC  railroad  tracks.  These  two  areas  qipear  to 
be  the  lik^  sources  of  the  organic  compounds  detected.  Ho  volatiles  or  fud  hydrocarbons 
were  detected  in  die  surftce  water.  Phenol  was  detected  in  the  sediments.  1,1,1- 
Tiicfalanedme  is  die  only  organic  dement  deteded  in  the  nirfime  water,  and  no  odier 
osganics  were  detected  in  the  sediments. 
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Dlldi  (SW/SE10) 


This  sampling  locatioti  is  the  out&U  of  the  buried  culvert  that  receives  flow 
Cram  the  diainafe  ditch  at  locatioa  SW/SB09.  The  only  organic  compound  delected  in  the 
suiftoe  water  was  1,1, 1-trichloroetfaane.  No  organic  chemicals  were  delected  in  die 
sediments.  The  source  the  1,1,  l-tridiloroediane  is  unclear  but  could  be  drainage  from  die 

Hmendorf  AFB  Muff  west  of  OU  5,  non-pmnt  source  runoff  fnm  the  railroad  tracks  to  the 
dtainatB  ditch,  or  some  odier  infiltration  on  the  ARRC  property. 

4.4,2^  Sh^  Creek 

Surface  Water 

Hve  discharge  pmnts  of  surface  water  runoff  from  die  OU  S  bluff,  ponds,  and 
drainage  dildies  to  Ship  Creek  were  identified  during  the  1992  fidd  investigations.  Two 
from  the  golf  course  beavor  pond  drainage,  one  from  drainage  of  a  stormwater 
culveit/wedand  east  of  sample  station  SW06  (across  from  gdf  course  clubhouse)  and 
immediately  upstream  of  Ship  Creek  Sample  Station  SW02,  one  from  a  culvert  draining  the 
SW06  wedand  pond  and  just  upstream  of  Shqi  Credc  Sample  Station  SWQ3,  and  one 
disdiarge  culvert  at  Yakutat  Street  (SWll)  that  drains  a  portion  of  the  lower  bluff  to  the 
creek. 

No  organic  compounds  were  detected  in  the  Shqi  Oeek  surface  water  sanqdes. 
Analyaea  of  inorganics  conducted  on  Sh^  Creek  surfKe  water  samides  indicate  diat  at 
Sanqile  Stteion  SW02,  die  frdlowing  iimganic  elements  exceeded  concentratioiu  fowid  at  the 
background  sample  station  (SWOl):  aluminum,  barium,  copper,  iron,  lead,  magnesium, 
manganese,  potassium,  sodium,  vanadium,  and  zinc.  However,  the  inorganic  dements  in 
surfiKe  water  at  SW02  are  less  than  diose  measured  upgradieat  (lower  blufi)  at  Sanqple 
Station  SW06,  widi  the  excqition  of  aluminum,  copper,  iron,  lead,  vaiudium,  anu  zinc. 
Because  ^19  Ciedc  sampling  occurred  widiin  die  mixing  zone  of  bluff  runoff,  it  tppears 
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dMt,  ia  nae  imtuiees.  bluff  dninafe  may  contiftuie  to  devated  locaHaed  inaqtanic 
in  ^ip  Credc. 


At  Samide  Station  SWQ3,  jqspraadmatdy  300  fed  downstream  of  SW02,  the 
foUowmg  iaociaiuc  dements  in  suifece  water  also  exceeded  background  concentrations: 
batium,  calduffl,  copper,  iron,  lead,  magnesium,  manganese,  potastium,  and  sodium. 
Similar  to  Sample  Statioo  SWQ2,  inorganic  concentrations  at  SW03  are  observed  to  be  less 
thn  concentrations  that  woe  measured  at  the  iqigradieat  station  SW06,  except  fer  copper 
and  lead.  Again,  since  samiding  was  conducted  within  the  mixing  zone  of  bluff  nmoff  to 
Credc,  it  qipears  that  the  bluff  drainage  may  elevate  some  localized  inorganic 
concentrations  within  Ship  Creek. 

At  Sample  Station  SWl  1,  the  concentrations  of  inorganic  dements  detected  in 
surface  water  exceeded  Ship  Credc  background  reference  values  for  the  following  potential 
contaminants;  uitimony,  barium,  beryllium,  calcium,  magnesium,  manganese,  potassium, 
sodium,  and  zinc.  However,  the  concenttatioos  measured  are  less  than  those  detected  at 
qigradient  Sanqde  Station  SW07  cm  the  lower  bluff,  excqrt  for  calcium  and  magnesium. 


The  Ship  Creek  sediment  samjding  program  detected  both  cnganic  and 
iiwtganic  diemicals  in  the  sediments  that  exceed  background  values  obtained  from  reference 
site  SBOl.  In  one  instance,  a  background  semivolatile  was  detected  at  a  higher  concentration 
tiian  witltin  the  OU  3  study  area.  At  Sanqde  Stations  SE02  and  SE03,  bis(2-etiiylhexyl) 
phthalale  was  detected  at  66  mg/kg  and  37  mg/kg,  reqrectivdy,  while  it  was  detected  at  die 
reference  station  at  76  mg/kg.  Other  oigardcs  detected  in  the  sediments  indude:  4- 
metirjd^dienot  (160  fig/kg)  and  tduene  (0.013  mg/kg)  at  SE03,  phenol  (39  ng/kg^  at  SEll, 
and  m  unknown  hydrocarbon  (4.0  mg/kg)  at  SEll. 
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Goir  Come  Baivtr  PMd  (M104  ud  M1B5) 

The  structure  of  the  macroinvertebrate  community  within  die  golf  course 
beaver  pood  was  composed  of  organisms  that  are  considered  ttderant  (fiunily  Chironomidae 
and  class  (Migocfaaeta).  Very  few  intiderant  species  such  as  ^ihemeropteta  (Mayflies)  were 
present  The  chironmnid  tau  diat  were  dominant  {Procladius  sp.,  Psectrotanypus  sp.  and 
Tanytanus  ap.)  were  asaodated  with  the  upper  detrital  layer  (leaf  packs,  twigs,  flne  detritus). 
This  is  particularly  true  in  die  case  of  Tanytama  sp.,  which  maintained  fairly  consistent 
numerical  abundance  at  both  locations  during  both  sample  periods.  Aquatic  worms  (class 
CHigochaeta)  on  the  other  hand,  associate  closdy  with  the  bottom  sediments,  even  burrowing 
into  them.  The  wwms  were  noticeably  absent  flom  Station  MIQS  benthos.  Surface  water 
results  do  not  indicate  unusual  conditions  that  could  be  idated  to  Station  MIOS  budogical 
anomalies. 
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WcUand  Pond  (MHM) 

» 

Benthic  invertebrates  associated  widi  die  wetland  pond  MlOti  were  consisted  of 
mendiers  from  the  family  Cliiromwiidae  and  class  OligDchaela.  These  two  groiqw,  as 
inemioned  previomly,  generally  rqxesent  toleram  organisms.  No  intolerant  organisms  were 
present  The  dominam  organisms  (Fhaenopsectn  tp.,  Lbnbrtaiiidae,  and  LimnodrUus  sp.)  * 

are  indicative  of  the  habitat  structure,  atrfl  silty  bottom  with  associated  detrital  material  (leaf 
packs,  twigs).  Aldiough  dieae  organisms  represent  tderant  organisms,  dieir  diversity  was 
good.  . 
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Snowmelt  Fond  (Mi07) 


l^fimoinvertebnles  essocialed  with  this  pood  were  ocdtocted  qualititive  fiom 
the  MirfiKe  sid»Aiote  material.  Gadooerans  (water  fleas),  culidds  (mosquitoes),  and 
diiroiiomids  (midges)  were  the  dominant  organisms.  Although  aluminum  and  iron  were 
present  in  die  surftce  waters  above  AWQC,  dm  presence  of  cladocerans  suggests  that  the 
sur&oe  water  was  probably  not  acutely  toxic.  Some  hydrocarbons  were  present  in  die 
sediments,  and  may  have  restricted  the  benthic  organism  structure  as  iqiresented  by  the 
Qurooomidae. 

Blnfr^nd  (MKM) 

Benthos  from  the  bluff  pond  were  also  obtained  qualitative  firom  near  surftce 
sediments.  Cladoceians  and  culicid  (pupa)  woe  the  only  invertdirates  noted.  These 
organiams  were  associated  with  the  water  cdumn.  Ifigh  levels  of  inorganic  and  organic 
dements  did  not  qipear  to  restrict  the  presence  of  at  least  some  aquatic  life.  No  organisms 
were  noted  in  the  bottom  ddiris  and  sedimoit. 

Ship  Creek 

The  benthic  community  of  Ship  Creek  represented  a  diverse  groiq>  of 
organisms  frcmi  die  rnder  Diptera  (flies,  mosquitoes  and  midges),  femily  Chiroiiomidae;  the 
class  (Nigodiaeta  (aquatic  worms),  femilies  Lumbriculidae  and  Niadidae;  the  order 
Ephemeroptera,  femily  ^diemerellidae  and  HqMageniidae;  and  order  Trichoptera,  femily 
GhMaosomatidae.  Community  structure  and  function  exhibited  little  change  between  die 
reference  location  and  that  of  downstream  sites  (statkms  MIQ2  and  MI03)  in  die  May 
coOectioa.  There  was  a  change  in  structure  and  function  between  die  May  and  Septnnber 
ordfectioos,  but  diis  could  be  attributed  to  normal  life  cycle  changes  in  invertebrate 
populations.  Conqiarison  of  community  structure  and  function  between  locadoru  in  the 
Sqitember  collections  indicated  some  diffooices  between  the  reference  location  and 
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dowastreuB  sties.  Sensitive  ^ecies,  especially  in  the  order  Ephemeroptera  {DruneUa  doddsi 
in  particular),  decreased  downstream.  In  contrast,  the  abundance  of  tolerant  species, 
Chirooomidae  and  Oligochaeta,  increased  downstream,  especially  at  Stations  MI03  and 
Mill.  Analytical  data  are  discussed  in  Section  4.4.  Other  than  the  naturally  high  iron 
coaoentratkm,  there  was  little  to  suggest  a  potential  effect  on  the  macrobenthos  from  OU  5 
constituents. 

4.5.2  INacuasion 

4,5J1,1  Golf  Course  Beaver  Pond  (MI04  and  MI05) 

Elevated  levels  of  fuel  hydrocarbtms  appear  to  restrict  the  community  structure 
at  MIQ5.  This  was  particularly  true  of  organisms  associated  with  the  sediments  (oligo- 
chaetes).  Organisms  associated  with  the  surface  detritus  G^af  packs,  detritus)  and  near 
bottom  water  column  appeared  less  affected.  Ttm  site  nearest  the  beaver  dam  (MI04) 
displayed  less  stress  when  compared  to  MIOS.  Although  no  reference  pond  was  available,  it 
qjpean  tiiat  site  MI04  was  in  bettm*  condition  ecologically  than  MIOS. 

4.5.2.2  Wetland  Fond  (MI06) 

MacroinvatebTate  community  structure  and  function  was  considered 
restrictive,  with  an  abundance  of  tolerant  taxa.  Presoice  of  fuel  hydrocarbons  and  oth» 
organic  chemicals  (phenanthrene,  diesel,  gas,  toluene,  and  xylenes)  suggests  potential  sources 
of  agents  tiiat  could  influence  the  biological  int^ty  of  this  pond. 

4.5.2.3  Snowmelt  POnd  (MI07) 

Presence  of  cladocetans  in  this  pood  suggests  adequate  water  quality 
conditions.  These  mganisms  ate  used  in  toxicity  bioassays  and  tiieir  i»esenoe  suggests  no 
acute  ttnddQr.  This  may  not  be  the  case  with  regard  to  the  sediments.  Only  members  of  the 
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Ouronomidae  woe  peesent,  again  Migrating  a  restricted  community  structure.  More 
extensive  sampling  would  be  necessary  to  substantiate  this. 

401  J.4  BhifTFOnd  (MI08) 

The  bluff  pond  also  contained  cladocerans  in  the  water  ctdumn,  again 
si^gesting  dat  the  water  column  environment  was  adequate  for  thdr  survival.  Nothing  was 
noted  in  the  near  surfisce  sediments,  suggesting  potential  restrictions  due  to  m**ai*  and 
oqtanic  dements. 

4^J1^  Ship  Creek 

The  community  structure  and  function  did  change  between  locations  in  the 
SqNember  sanqding.  The  changes  that  did  occur  are  more  indicative  of  eutrophication 
processes  than  restriction  of  the  benthos  structure  due  to  toxic  components. 

4.5^.6  Inm  Bacteria 

An  orange/rust  colored  precipitate  was  observed  within  shallow  low-flow  pond 
and  seqp  environments  during  sampling  of  surfsM  water  within  OU  5.  It  iq)peared 
ptedominandy  near  seep  interfaces  as  an  algal  substance  at  Samide  Stations  SWQS  (golf 
course  beaver  pond  near  seep  SL23)  and  SW06  (wetland  pond  near  seep  SLIQ,  compared  to 
other  sample  statkMU.  Although  die  precipitate  was  not  aiudyzed,  it  appeared  to  be  iron 
bacteria. 
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Since  at  neutral  pH  and  in  the  presence  of  oxygen  ferrous  iron  is  i 

spontaneously  oxidized  (Wetzd  1975),  dw  iron-oxidizing  bacteria  are  restricted  to  steq> 
redox  gradients  in  which  diey  are  conqieting  effectively  with  oxygen  for  the  reduced  iron. 

Hierefon,  the  iron  bacteria  usually  are  restricted  to  the  interfooe  regions  of  iron-bearing  rock 
(soil)  aeqis,  swamps,  and  bogs  where  the  redox  potential  is  suffidendy  low  for  reduced  iron 
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to  occur.  ftKkground  soil  boring  analyses  indicate  a  maximum  irai  concentration  of  32,700 
mg/kg  detected  in  surfiux  soils,  and  54,100  and  27,800  mg/kg  detected  in  sediment  samples 
fnnn  SB06  and  SBOS,  respectively.  These  relatively  high  iron  concentrations  appear  to  be 
consistent  with  the  criteria  necessary  for  iron  b^teria  devdopmoit. 

Based  on  the  similarity  of  the  aforementioned  {rfiysical  characteristics  at  die 
OU  5  locations  where  sampling  occurred,  and  observations  of  Wetzel  (1975),  it  appears  that 
die  conditUms  observed  within  OU  5  support  iron  bacteria  devdopment.  Aldunigh  unsighdy, 
the  iron  bacteria  did  not  appear  to  cause  an  adverse  impact  to  shoreline  or  wetland  v^etadon 
where  it  was  predominant. 

4,5^.7  Toaddty  Tests 

Acute  and  chronic  toxidty  tests  were  conducted  <m  surfoce  water  and  sediment 
samides  collected  during  the  1992  sampling.  Table  4-19  summarizes  the  acute  toxidty  test 
results. 


Acute  tests  were  conducted  on  sdected  samples  collected  during  dw  q;mng 
samiding  event  to  screen  creek,  pond,  and  drainage  ditch  surface  water  and  sediment  samples 
for  conditions  that  may  be  adverse  to  the  survival  of  aquatic  life. 

The  bioassay  test  organisms  were  Ceriodt^hm  dubia,  fiithead  minnows, 
Odronama  tentans,  and  Hyalelh  aaeca. 

Hie  test  results  indicate  the  following; 

•  The  surface  water  samples  were  not  acutely  toxic  to  Ceriodaphida 
dubia  or  fathead  minnows. 

•  The  sediment  samples  were  not  acutdy  toxic  to  Hyaletta  arteca. 
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*  MkMM  iltriflBMI  (^<0.05)  dflbnae*  (ndactioa)  from  hbomiatjr  cooltal  4Mi. 


OU  5  n/FS  Itepoft 


Table  4-19 


Results  of  Acute  Toxidty  Testing  of  Surface  Water  and  Sediments 


Surface  Watw  Acute  flkmmyt 


CttUkU^^hkla  dabkt 


Labontocy  Contnd 

SWQ2 

SWQ3 

SW04 

SWQS 

SW09 


100 

95 

100 

90 

100 

90 

100 

80 

100 

95 

90 

100 

SedHment  Acute  BfaMaaays 


Ckimiamus  t$iuaiu 


X(jniittaaiUea 


Laboratory  Control 

SEQ2 

SE03 

SE04 

SE05 

SE09 


•  The  sediment  samptes  were  not  acutely  toxic  to  Chironomus  teutons 
except  for  sample  SE04. 

•  LaboraUny  control  wato  and  sediment  were  accqnable  for  all 
bioessays. 

Oiroiiic  iDKkity  tests  were  conducted  with  surfive  water  and  sediment  san^les  collected 
firam  botfi  gdf  course  beaver  pond  sample  stations.  The  dironic  tests  were  conducted 
because  results  of  the  acute  toxicity  test  indicated  that  sediments  from  the  southwest  end  of 
the  beaver  pood  are  acutely  toxic  to  Chironomus,  a  normally  pc^ution-tolerant  bunower,  and 
because  fud  odon  and  sheens  were  very  ^iparent  during  sampling  at  the  northeast  end  of  the 
pond.  Tdde  4-20  summarizes  die  results  of  the  chronic  toxidty  tests. 

The  results  of  these  tests  show  that: 


•  The  surface  water  samples  were  not  chronically  toxic  to  Ceriodaphnia 
dutia  or  fathead  minnows. 

•  Laboratory  control  data  for  die  Ceriodaphida  and  fadiead  minnow  tests 
were  accqitable. 

•  The  sediment  samples  were  not  chronically  toxic  to  Chironomus 
tentans. 

•  Sedimoit  sample  SE04  was  not  chronically  toxic  to  HyaieUa  azteca 
based  on  significant  difference  testing.  Hyaletta  growth  was  approxi¬ 
mately  41%  of  the  laboratory  control  weight,  indicating  that  the 
statistical  analyses  may  be  inai^iropriate  for  toxicity  interpretation. 

•  Sediment  sample  SE05  was  chronically  toxic  to  Hyaiella  azteca.  This 
sample  caused  a  reduction  in  Hyaiella  survival,  also  indicating  acute 
toxicity. 

•  The  recovery  of  live  or  dead  test  organisms  was  greater  in  the  Oaro- 
nomus  bioassay  than  in  the  Hyaletta  test.  Kfissing  organisms  woe  not 
included  in  the  data  analysis  (non-recovered  organisms  were  not 
counted  as  fdalides.) 

•  Laboratmy  control  data  were  accqMable  for  both  bioassays. 
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Table  4-20 


Rcfuits  of  Chronic  Toxidty  Testing  of  Surfiice  Water  and  Sediments 


(^<0.QS)  difbtciK*  (rtdiicliaa)  from  taboMotjr  coabol  dM*. 
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Smfice  Water  Chronic  Moeanijs 
C^rkdpphmUi  AMa 


Mean  No.  of 
Oftertog 


Mean  % 
SniTtrat 


Mmn« 

ontrivat 


MeanCriniiai 

faiiO 


Labonlocy  Control 

SW04 

SWQS 


26.7 

24.7 
28.4 


92.3 

97.5 

95 


0.664 

0.688 

0.833 


Meinurovtit 


Meanfrowdt 


MeanH 

Smtifat 


Mean% 

Soirbral 


Labofalory  Control 

SB04 

SE05 


0.420 


83.1 

92.5 

46.9* 


0.098 

0.040 

0.054 


Additionally,  bentiiic  macroinvertebnte  sample  analyses  indicate  a  decrease  in  tolerant  taxa 
associated  with  bottom  setfiments  at  Sample  Station  MI05  in  the  golf  course  beaver  pond, 
iixiicative  of  severe  impact  (see  Section  3.6. 1.4).  The  results  the  toxicity  tests  will  be 
discussed  further  in  the  risk  assessment  (see  Sectkm  6.2.1). 


4.6 


4.6.1  RcfluMs 

Analytical  results  for  soil  and  {dants  are  presented  in  Appendix  K.  Suitutuucy 
data  ate  jnesented  in  Tables  4-21,  4-22,  and  4-23,  and  statistical  compariscms  are  in 
^>pendix  O. 


4.6.1.1  Plaids 

Several  species  of  plants  in  widely  scattered  areas  of  OU  S  exhibited  signs  of 
stress  at  tiie  time  of  the  June  1992  survey  (Figure  4-12).  The  signs  of  stress  included  inter- 
veinal  chlorosis,  which  suggests  that  some  stressor  found  in  the  sods  in  various  areas  has 
altered  tiie  photosyntiietic  rates  of  affected  plants.  The  stress  could  have  been  caused  either 
directly  by  effects  on  tiie  ftiants  w  indirectly  by  effects  on  sdl  microorganisms.  Affected 
qiecies  included  several  anmials  and  perennials  at  various  locations.  Horsetail,  grasses, 
fireweed,  cow  parsnqi,  red  currant,  willow,  ald«,  brook  veronica,  and  tall  Jacob’s  ladda 
{Pokmomm  aaa^florvm)  were  among  those  affected. 

In  general,  die  itiants  had  ydlowish  leaves  but  most  were  still  alive. 
However,  in  several  areas  the  horsetail  was  turning  brown  and  dying.  This  ottioratim  and 
deatii  are  not  Q^pical  for  jtiants  of  these  various  qiecies  during  early  summre.* 


'This  information  was  obtained  from  Allen  Ridunond,  natural  resource  pUmner  at  Elmendcnf 
AFB,  on  June  29,  1992. 


AnousauFiiupoK 


4-102 


Table  4-21 


Summary  oi  Inorganic  Etemrats  (nig/kg»  dry  wei^t)  in  Scdls  and  Pit nts 
fttMn  Areas  Where  Pliant  Strem  Was  ObservecP 
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Table  4-21 


(CcHidoiied) 


m 

Ml 

aiiM# 

MkHMffiKMr 

Soimm 

471  (2SM430) 

43S  (226433) 

446(222-943) 

419  (190-1750) 

ThaUinm 

0.21  (0.0804).S9) 

NA* 

NA* 

Vmadiimi 

49  (21-81) 

52  (34-72) 

NA* 

NA* 

Zinc 

60  (3S-1S9) 

57(3049) 

21  (8.4-51) 

25  (11-96) 

*  Otmmric  mmat  tad  (laaft  of  vatuM). 

*  Colhclid  It  itlilifliit  n<h6>  locitloai  wImw  phi  nt  obmnitd  (mt  tho  Saedea2.t.t.t). 

*  CoBwMdaiubywhMoplutitppMridlobaaaaail. 

*  NA«  NdtaMl]raMl;ND  -  Not  dMcMd  (iMi  «Ma  3.2  ii«/k|):  NC  -  iM  eakutaMd  (11  of  12  MplM  bolow  dMMiaa  liaal). 

*  SifMc«atdMhwae«<ip< 0.05) botfooaifhcHdiaiooaafhcnJ will;  no olhtriigMfloHl djflbwTM. 
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Table  4>22  ^ 

I 

Maximum  bfeasured  Coocentratioiis  and  Location  of  Fud  Hydrocaiixms  . 

in  Sdls  fknm  Areas  Where  Plant  Stress  Was  Observed  ^ 


vMNKM 

ISfiikisiilptv  ^ 

Affifelie.; 

lit  iM  i  ■ 

IWPplPWSHMI 

BmM»|ig/kg 

Niy 

14.9;  SL2S 

TohMM 

ND 

63.9;  SL16 

E^ribeuaw  |ig/kg 

393;  SUM 

ND 

XjtaM  fLt/kg 

8360:  SUM 

1980;  SL16 

Oaoolme  ng/kc 

670;  SUM 

271;  SL16 

Dieael  mg/kg 

ISl;  SUM 

720;  SL16 

Jot  Fuel  mg/kg 

ND;SUM 

ND;  SL16 

*  Soib  tiofcrUid  pliM  aw  wm  tad  —wby  fifcwci  tocrtei  wfcw  p4— a  ifnnJ  «o  b»  ■oi—l. 

*  ND  -  Hat  4MMladOMidM>  0.005  ^/kg). 


» 


» 


I 


» 


> 


» 


> 
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Table  4-23 


Comparison  of  Soil  Chemistry  for  Samples  from  Areas 
Where  Plant  Stress  Was  Observed* 


Amlytis  (units) 

Affteted 

Nonairectod 

pH 

Electtical  Conductivity  (mnibos/cm) 

PhosplKMUs  (mg/kg) 

Total  ^eidahl  Nitrogen  (mg/kg) 

NH,  (mg/kg) 

6.9  {6.2-7.4) 

0.54  (0.24-1.6) 

26  (6.8-60) 

1560  (168-4410) 

12  (1.8-68) 

6.5  (5.6-7.7) 

0.53  (0.23-1.9) 

19  (4.1-56) 

1632  (207-8550) 

13  (1.9-83) 

Water-SohiUe  Catkrns  (meq/lOOg) 

Calcium 

Magneiium 

Potosaium 

Sodium 

0.22  (0.04-1.4) 

0.055  (0.010-0.32) 
0.015  (0.0104).  12) 
0.040  (0.010-0.28) 

0.26  (0.06  1.9) 

0.062  (0.020-0.33) 

0.014  (0.0104).090) 
^037  (0.010-0.15) 

Catkm  Bxdiange  Cqiacity  (meq/lOOg) 

13  (4.8-57) 

16  (3.2-67) 

Acid-BxtractaUe  Cations  (meq/lOOg) 

Calcium 

Magneaium 

Potaaainm 

Sodium 

9.0  a-fi-AO) 

0.75  (0.19-3.0) 

0.14  (0.0404),75) 

0.37  (0.18-17) 

11  (2.5-39) 

0.86  (0.12-4.1) 

0.10  (0.03-0.20) 

0.21  (0.144).34) 

*  OMWlris  MM  aadCnuigt  of  valuu)farKMl«coa«eiadwlMnpl>al  •!(•••  waiolMMvad  Mid  wnibyrabmnMlocalioaa  whan  piMU 
ippMiad  »>  bo  m<m1. 
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Affnent  jdant  stress  was  observed  at  die  following  locations; 


SU 

SL19 

SL2S 

SU8 

SUl 


S1>«/SL5 

SL20 

SL26 

SL29 

SL32. 


Some  otiier  woody  jdants  qipazently  were  stressed  due  to  the  flooding  caused  by  beaver 
activities  or  by  other  hydrologic  changes.  These  changes  occurred  at  SL29  and  SL30  more 
lecenti^  (based  on  dead  leaves  seen  on  some  trees)  and  at  SL19,  SL25/SL26,  and  SL22/SL23 
(in  the  gdf  course  beaver  pond). 


The  trees  in  the  latter  duee  wetlands  died  many  years  ago.  At  SL19  and 
SL2S/SL26,  there  was  no  evidence  of  beaver  activity,  but  the  wetlands  lyiparendy  developed 
there  after  many  of  die  trees  were  establitiied.  The  white  qmioe  trees  that  are  showing  signs 
of  stress  would  typically  grow  in  areas  with  better  drainage  dian  now  exists.  They  probably 
were  present  before  the  area  became  a  wedand,  but  the  timing  of  hydrofogic  changes  in  diese 
two  areas  has  not  been  determined.  At  the  large  beaver  pond  south  of  SL22  and  SL23,  the 
trees  may  have  died  as  a  result  of  flooding  caused  by  the  beaver  dams. 


»  i 


In  addition,  many  of  the  balsam  poplar  trees  between  SL7  and  SLID  had  been 
substantially  defidialed,  qiparentiy  by  insects.  The  defoliation  of  die  trees  has  not  been 
attiiboled  to  OU  5  contaminants. 

Soils  and  |dants  were  collected  from  representative  areas  where  plant  stress 
was  observed  (see  Seetkm  2. 1.8.1)  for  analytis  of  possible  causes  of  plant  stress.  Because 
the  signs  of  stress  were  similar  to  those  inthiced  by  iron  deficiency  (that  is,  interveinal 
ddoroos),  the  analyses  focused  on  factors  duu  may  affect  iron  uptake  and  availability,  in 
addition  to  analyaes  fmr  previously  identiffed  contaminants  for  OU  S. 
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Soils  and  idants  woe  ctdlected  as  paired  lamidies  (firwn  the  same  soil  depths 
and  idut  species)  from  both  affected  nd  nearby  nonaffected  loadions.  Thus,  die  means 
shown  in  these  tables  provide  oompaiable  values  between  the  affected  and  nonafrected  areas. 
Results  of  statistical  tests  compering  the  affected  and  nonaffected  sml  or  plants  are  in 
^ipendix  O;  the  results  are  summarized  in  the  following  text  and  in  'ndiles  4-21,  4-22,  and 
4-23. 


Except  for  irauiganese,  there  woe  no  statistically  significant  differences  in 
concentrations  of  inorganics  for  soil  or  plants  (Table  4-21).  Soil  in  which  affected  plants 
were  growing  tended  to  have  higher  concentrations  of  some  inorganics  (for  example,  barium, 
boron,  iron,  nickel,  potassium,  lead,  and  zinc)  than  those  suppwting  nonaffected  plants, 
likewise,  the  affected  plants  tended  to  have  higher  concentrations  of  certain  metals  or 
nutrients  (for  example,  calcium,  iron,  lead,  magnesium,  manganese,  potassium,  and  sodium), 
but  lower  concentrations  of  other  metals  and  nutrients  (such  as  zinc),  although  the  differences 
were  not  statistically  significant  (P>0.0S). 

Halogenated  VOCs  were  not  found  at  measurable  concentrations  in  any  of 
these  soils  (^ipendix  K).  BTEX  and  gasoline,  diesel,  or  jet  fuel  were  observed  at  several 
samide  locations.  However,  witii  the  excqition  of  S14,  tiiere  was  no  consistent  patton  of 
these  dienucals  being  more  common  in  soil  from  affected  {dant  sites  tiian  the  stdl  from  the 
nonaffected  ones.  Petroleum  hydrocarbons  were  not  detected  in  nuist  of  tiie  soil  samples. 
Maximum  concentrations  of  these  chemicals  by  location  and  soil  samfde  type  are  presented  in 
Table  4-22.  The  Ughest  concentrations  of  ^ylbenzene,  xylene,  gasoline,  and  diesel  from 
SL4  were  in  sanqdes  ccdlected  for  quality  control  analyses  (Appendix  IQ. 

Diesd  soil  analyris  results  indicate  that  constituents  of  these  fuels  do  not  have 
a  causal  relationship  with  the  affected  plants.  At  SL4/SL5,  affected  plants  were  found  in  soil 
widi  higher  contaminant  concentration  than  soil  in  which  nonaffected  plantt  were  frwnd; 
atthough  hitler  concentrations  were  found  in  seals  at  SL16,  where  no  affected  plants  were 
fiNUd.  The  affected  plant  qiecies  at  SL4/SLS  is  horsetail;  it  is  also  die  affected  qiecies  at 
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SL19.  However,  flaeuwable  diead  oonoentntiafu  were  not  found  to  be  greater  than 
12  fflg/kg  in  die  wil  at  SL19.  If  diis  ^wdes  is  exhibiting  die  same  symptoms  at  both 
locations,  one  could  expect  the  fud  contaminants  to  be  present  d  both  sites. 

Elevated  leveiis  of  gasdine,  ediylbenzene,  and  xylenes  were  found  at  SL4/SLS 
in  ami  ftom  the  affected  plant  nte  and  not  in  ami  ftom  die  nonaffected  ate.  However,  dieae 
chemicals  were  not  found  at  SL19,  where  hmaetail  was  similarly  affected.  Elevated  levels  of 
gaadine,  toluene,  and  total  xylenes  were  found  at  SL16,  where  no  affected  plants  woe 
found. 


Results  of  soil  chemistry  analyses  comparing  the  soils  in  which  affected  and 
nonaffected  plants  grow  are  presented  in  Appendix  O  and  summarized  in  Table  4-23.  Soil 
pH  tended  to  be  higher  where  plants  exhibited  stress  than  at  nearby  nonaffected  refoence 
locations  where  fdants  appeared  to  be  normal,  and  the  differences  approadwd  statistical 
significance  (0.05<P<0.1;  that  is,  it  was  significant  at  90%  but  not  95%  as  being  a  true 
difference).  Water-soluble  potassium  concentrations  were  similar  in  the  soils,  but  add- 
extractabk  potassium  tended  to  be  higher  in  affected  areas  than  in  nonaffected  ones 
(0.05<P<0.1).  Although  some  othm  analytes  (for  example,  phosfriiorus,  nitrogen,  sodium) 
showed  qiparent  differences  between  affected  and  nmiaffected  locations,  the  values  were 
highly  variable  and  did  not  s^ipioach  statistical  significance  (P>0.1). 


»  « 


Phoqihorus  concentrations  and  pH  in  soil  were  compared  between  sites  of 
affected  and  nonaffected  plants.  At  S1A/SL5,  SL20,  and  SL29,  both  phoqihorus 

trations  and  pH  were  devated  in  soils  from  the  affected  areas  when  emnpared  to  soils 
onaffected  areas.  At  SL19  and  SL25/SL26,  pH  for  both  affected  and  nonaffected 
pcie  about  the  same,  while  phosplimus  concentrations  were  increased  at  affected  areas, 
oils  showed  an  increase  in  pH  but  a  decrease  in  jrtioqphorus  at  die  affected  site. 
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E|fs  that  foiled  to  hatch  were  found  in  four  nests.  Five  of  the  six  ^s  had 
dead  endnyoa,  hut  none  of  them  had  visible  deformities.  Three  mew  gull  ^gs  (^iparently 
die  odiie  clutch,  although  that  nest  had  not  been  monitored  previously)  in  a  nest  at  the  snow 
diqxMal  area  pond  had  dead  embryos  that  had  reached  about  one-half  term  incubation.  A 
single  added  egg  (no  visible  development)  was  found  in  anodier  gull  nest  at  that  pond.  One 
wigeon  «gg  foiled  to  hatch  in  a  nest  west  of  the  golf  course  beaver  pond  (south  of  SL22). 

The  embryo  was  nearly  foil  term  and  had  died  about  the  time  the  other  six  eggs  in  the  nest 
qipatendy  hatched  successfully.  One  of  the  four  eggs  foiled  to  hatch  in  a  spotted  sandpipa 
nest  on  the  berm  of  JP-4  foel  tank  734  (southeast  of  SL24).  It  contained  an  embryo  that  died 
after  about  1  week  of  incubation. 

4.d^  Diaeusslon 
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Whereas  elevated  levels  of  diesel,  gasoline,  ethylbenzene,  and  total  xylenes 
were  found  in  the  soil  of  affected  plants  and  not  in  die  soil  of  nooaffected  jdants  at  SL4/SL5, 
ttiesB  oou^ounds  were  not  present  in  any  soil  samples  from  SL19,  or  were  present  at  low 
levds.  Since  horsetail  plants  at  bodi  sites  exhibited  the  same  stress  synqMom  ei  dilocosis,  it 
is  doiditful  that  any  of  these  chemicals  ate  related  to  die  plant  stress.  The  foct  dat  diesel, 
gasoline,  benzene,  toluene,  and  total  xylenes  were  found  at  SL16,  where  there  were  no 
affected  plants,  strengthens  the  hypothesis  that  these  diemicals  are  not  a  contributing  foctor. 

The  stadsdcally-significant  difference  in  soil  manganese  concentrations 
between  affected  and  unaffected  areas  may  be  bicdogically  rignifkant.  An  imbalance  in  the 
ratio  of  manganese  to  iron  can  affect  the  ability  for  plants  to  use  iron,  and  may  cause 
diloioais  of  the  leaves. 
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A  potential  trend  may  eadst  between  pH  levels  and  phoqihorus  ooncentiations 
in  the  aoila  of  affected  and  nonaffected  {riant  sites.  The  (XMnpaiisons  of  these  parameten 
were  made  for  die  2-  to  12-inch  depdi  soil  sanqries,  and  the  trend  does  aqipear  similar  for  all 
samirie  depths.  In  unfovwable  soil  pH,  mineral  imbalances  may  occur  in  the  {riant.  At 
increased  scril  {»H,  available  fonous  salts  can  be  converted  to  unavailable  ferric  salts  leading 
to  iron  deficiency.  Also,  iron  may  be  made  unavailable  by  excess  scriuble  photqriiates. 

Based  on  the  data  fomn  this  ex{riorat(xy  study,  a  definitive  cause  fw  the  {riant  stress,  as 
expressed  as  chk»osis,  cannot  be  determined.  Possible  causes  of  the  obserred  {riant  stress 
are  discussed  further  in  Section  6.2.2.3. 

4.6,2,2  Bink 

The  limited  observations  of  waterfowl,  shorebird,  and  gull  nests  did  not 
indicate  that  eggs  were  becoming  oiled  by  transfia  of  oil  from  the  {larents*  feathers,  and  ml 
was  not  observed  on  the  birds’  plumage.  However,  the  number  of  nests  bdng  observed  was 
small,  and  these  findings  are  itKxmclusive.  Baaed  on  observations  of  other  areas,  the  number 
of  ^s  feiliog  to  hatch  (as  a  {rocentage  of  ^gs  obsoved)  was  higher  than  expected. 

Embryo  toxicity  caused  by  eaqxMure  to  potential  contaminants  of  concern  in  OU  5  cannot  be 
determined  on  die  basis  of  limited  data  frmn  this  study.  Given  the  observed  oily  sheen  on 
the  beaver  poaA  near  SL22,  the  birds’  feathen  may  become  oiled  and  diey  nay  transfer  oil 
to  ^gs  they  are  incubating.  One  green-winged  teal  and  two  wigeon  nests  woe  observed  at 
this  pood. 
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This  aectkm  presents  an  overview  of  the  OU  S  conceptual  modd  (CM)  and 
nx»e  detailed  discussions  of  the  sources  of  contamination,  the  general  fine  and  tranapmt 
characteristics  oi  die  contaminants,  and  migration  pathways  in  the  environment.  ExpMure 
routes  (inhalation,  ingestion,  dennal  absorption)  and  exposed  populations  (humans,  aquatic 
animals,  and  tenestrial  {dants  and  animals)  are  discussed  in  Section  6.0,  Risk  Assessment 

Section  5.0  asks  diree  questions  and  focuses  on  the  following  significant 
results  and  interjnetations: 

1.  What  are  the  contaminants  of  concern  and  where  are  they  located  in 
OU5? 


•  Fuel  constituents  were  detected  in  soils  at  the  bluff  area  south  of 
the  COE  building,  at  the  base  of  the  bluff  bdow  Building  22- 
010,  and  at  the  valve  idt  near  die  junction  of  Post  Road  and 
Second  Avenue. 

•  Low  levels  of  fuel  and  solvent  amstituents  have  been  detected  in 
groundwater  within  OU  5  and  in  seeps  and  ponds,  both  surfoce 
water  and  sediment,  below  the  bluff. 

•  Limited  testing  detected  metals  in  groundwater  above  back¬ 
ground  levels  at  focations  near  fly  ash  deposits  on  the  bluff  and 
in  soils  below  the  bluff. 

•  PCBs  were  detected  at  low  concentration  in  one  sediment 
sanqde  collected  from  the  snow-diq^osal  pond  (lower  bluff 
pond). 

2.  What  are  the  potential  sources  of  the  contaminants? 

•  The  fuel  constituents  in  soils  and  groundwater  at  OU  5  most 
likely  represent  residual  contamination  fitnn  past  reonded  qnlls 
and  leaks  at  underground  pipelines.  There  is  no  evidence  of 
recent  or  ongdng  leaks. 
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•  • 


• 

— 

• 

• 

The  scdvent  and  some  fuel  contamination  of  groundwater  and 
surface.  wat»  enters  OU  5  from  unknown  sources  upgtadient  of 
Ihepqidines. 

» 

# 

• 

The  limited  numbtf  of  metals  analyses  do  not  allow  for  tiie 
identification  of  sources  for  the  devated  levels  of  metals  in  soils 
and  groundwater.  The  source  of  some  metals,  including  arsenic 
and  barium,  may  be  fly  ash  dqmdts. 

• 

• 

The  source  of  PCBs  is  unknown  but  may  invdve  the  snow 
di^Msal  area  adjacent  to  tiie  lower  bluff  pond  or  ARRC 
activities. 

• 

3.  How  are  the  contaminants  being  tran^rted? 

• 

Residual  fuel  contaminants  in  subsurface  soils  near  the  pipelines 
ate  tranqmrted  downward  by  {drysical  processes  to  the  ground- 
water. 

• 

• 

Groundwater  flushes  die  fuel  out  of  the  soil  through  aeq>s  and 
into  ponds  at  the  base  of  dte  bluff. 

• 

Low  levels  of  fuel  and  solvent  contaminants  also  enter  OU  5 
fnmi  upgtadient  sources  as  dissolved  components  in  the  ground¬ 
water  and  disduitge  ditough  seq>s  and  groundwater  into  ponds 
at  the  base  of  die  bluff. 

• 

• 

Low  leveb  of  fuel  and  stdvent  contamination  have  migrated  off 
base  onto  railroad  property  at  die  western  end  of  OU  5  via  the 
upper  aquifer  groundwater. 

• 

• 

Hie  results  from  the  total  metals  analyses  and  the  leaching  tests 
on  the  fly  ash  show  that  arsenic,  barium,  vanadium,  and  zinc 
may  be  leaching  from  die  fly  a^  at  lev^  that  rqmsent  die 
detected  concentrations  in  die  groundwater. 

• 

5.1  Orenlew 

» 

The  OU  5  CM  describes  OU  5  and  its  environs  and  presents  hypodieses 

r^aidiiig  die  fidlowing  components: 

• 
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•  Source  or  sources  of  contamination; 

•  Contaminant  release  mechanisms; 

•  Nature  and  extent  of  contaminants  present; 

•  Contaminant  routes  of  migration;  and 

•  Potential  impact  of  contaminants  on  sensitive  lecqMors. 

The  CM  hypotheses  are  tested,  refined,  and  modified  throughout  the  RI/FS. 

A  pidiminary  CM  presented  in  the  OU  S  Management  Pian  asasted  in  the  identification  of 
data  (juality  objectives,  data  needs,  remedial  alternatives,  and  general  management  dedsions. 
The  refined  concqttual  model  is  useful  for  evaluatii^  data  during  the  RI  and  developing 
remedial  alternatives  during  the  FS.  Figure  5-1  shows  the  general  elmnents  of  a  CM. 

To  aid  in  the  discussion  of  the  OU  S  CM,  an  illustration  is  provided  as  Figure 
5-2.  Two  CM  schematics  are  also  provided:  Figure  5-3  for  human  recqdors  and  Figure  5-4 
for  die  ectdogical  receptors.  Table  5-1  cross-refeieraxs  the  elements  of  the  OU  5  CM  with 
detailed  discussioos  in  diis  RI  rqxirt. 

The  Elmendmf  FFA  grouped  six  source  areas  into  OU  5  because  die  contami¬ 
nants  at  die  sources  qipeared  to  be  similar: 


Sooree  of  contamlnatkm  —  The  most  likdy  sources  of  contaminant 
rekaaes  tppear  to  be  three  fuel  pipelines  and  die  associated  fuel  distri¬ 
bution  system  and  operations.  This  system  includes  storage  tanks, 
valve  pits,  truck  fill  stands,  and  abandoned  and  active  fuel  lines.  Odier 
potential  contamination  sources  within  OU  5  include  railroad  mainte¬ 
nance  operations  (never  verified)  and  fly  ash.  Shop  drains  (OU  4)  and 
sanitary  landfills  (OU  1),  fire  training  areas  (OU  4,  OU  7),  drums 
(OU  7),  and  odier  storage  areas  2  miles  upgiadient  of  die  pipelines 
could  be  influencing  groundwater  and  surfine  water  quality  widiin  OU 
5  (see  Figure  1-2). 
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ELEMENTS 


CONTAMINANTS 

CONCENTRATION 

TIME 

.LOCATION 


MEDIA 

RATE  OF  MIGRATION 
TIME 

LOSS  FUNCTIONS 


TYPE 

SENSITIVITY 

TSMK 

CONCENTRATION 

NUMBER 


HYPOTHESIS 
TO  BE 
TESTED 


SOURCE  EXISTS 

SOURCE  CAN  BE 
CONTABIED 

SOURCE  CAN  BE 
REMOVED  AIM) 
DISPOSED 

SOURCE  CAN  BE 
TREATED 


•  PATHWAY  EXISTS 

•  PATHWAY  CAN 
BE  INTERRUPTEH 

•  PATHWAY  CAN 
BEEUMMATED 


»  RECEPTORS  ARE  NOT 
IMPACTED  BY  MMMUTION 
OF  CONTAMBIANTS 

•  RECEPTOR  CAN  BE 
RELOCATED 

•  INSTITUTIONAL  CONTROLS 
CAN  BE  APPUED 

•  RECEPTORS  CAN  BE 
PROTECTED 


SOURCE:  ERA  1987a  p3-7 


Figure  5.1.  Geoeral  Elements  of  a  Concept  jal  Model, 
Elnicadorf  AFB,  Anchorage,  Alaska 
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Figure  5  J.  Conceptual  Modd  for  Potential  Human  Ezponires, 
Elmendorf  AFB,  Anchorage,  Alaska 


Figure  5.4.  Potential  Eipotare  Patbwaya  for  Ecological  Rcccpton, 
Eimendorf  AFB,  Anchorage,  Alaaka 
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^  •  RdMM  aHchuiaM  —  Bodi  aubsuiftee  bxeaki  in  ttie  Ibies  and 

suifine  apilla  have  been  nxnkd  in  the  past  PqMslines  have  been  t 

iqMiied  and  there  are  currently  no  known  pqtdine  leaks  at  OU  5. 

•  Natora  of  rontamlnation  —  The  known  organic  contaminants  in  soils 
at  OU  S  include  fiids  (TFH  dksd,  TFH  gas,  and  JP-4),  BTEX,  and 

SVOCs  including  PAHs.  The  kno^  organic  contaminants  in  ground-  » 

water,  surface  water,  and  sediments  include  fuels;  BTEX;  SVOCs 
including  PAHs;  and  chkainated  solvents.  PCBs  were  detected  in  one 
sediment  sanqrie.  Several  metals  were  detected  above  background 
levels  in  all  media. 

t 

•  Routes  of  nigratioa  —  Runoff  and  seqps,  udtich  leach  contaminants 
fnnn  the  sml  into  ground  and  surfue  water,  appear  to  be  the  most 
inqmrtant  routes  of  contaminant  migration.  Local  hydrogeology  is 
thought  to  be  similar  within  OU  5.  The  three  pipdines  run  along  the 
southern  boundary  of  Elmendnf  AFB  on  a  glacial  outwash  plain  com¬ 
posed  of  interbedded  layers  of  gravel,  sand,  and  small  amounts  of  silt. 

Just  south  of  die  pqieliiies  is  a  bluff  tint  overkxAs  lower  Ship  Credc 
and  its  alluvial  floodplain.  At  the  base  of  the  bluff  are  several  shallow 
ponds  and  seasonally  wet  areas.  Since  the  19S0s,  seeps  of  fuel  from 
the  face  of  die  bluff  have  resulted  in  cleanups,  environmental  invesdga- 

R  dons,  and  rqnirs  to  die  pqidines.  Groundwater  flow  in  the  upper  * 

aquifer  moves  in  a  south^y  to  southwesterly  direction  almost  perpen¬ 
dicular  to  the  pipelines  on  the  bluff.  Lower  Sh^  Creek  r^resents  the 
primary  redinent  of  both  sur&oe  water  and  groundwater  coming  from 
the  base,  and  of  any  contaminants  tranqiorted  by  water.  There  is  a 
potential  for  off-baK  migration  of  die  contaminants  via  groundwater  t 

and  surface-water  runoff. 

•  Human  and  ecologkal  rectors  —  Current  land  uses  widiin  the  base, 
but  downgradient  of  the  i^ieline  sources,  indude  industrial  and 

recreadonal  uses.  The  dowi^radknt  area  also  serves  as  a  nugor  access  i 

route  to  die  base.  Land  uses  between  die  base  and  lower  Ship  Creek 

include  railroad,  industrial,  and  fisheries  activities.  Water  uses  vary  by 

source  of  water.  Only  the  lower  groundwater  aquifer  is  used  as  a 

source  of  drinking  water.  Recreational  usen  may  come  in  contact  with 

the  surface  water.  Surface  water  from  Shq)  Creek  is  used  for  irrigation  , 

of  the  golf  course,  cooling  water  for  die  power  plant,  and  hatdiery 

operations.  Ecological  reoqitOTS  include  tonestrial  and  aquatic 

communities 


Data  from  both  past  investigations  and  the  RI  will  be  used  to  formulate  the 
CM.  It  should  be  stressed  that  the  data  used  from  past  investigations  have  not  been  fully 
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eviliniHl  for  comficiBBeji.  quility,  and  tedinical  uaefulneu.  However,  the  past  data  are 
sttfUcient  to  diactas  die  previous  oooditiofis  existing  in  OU  5.  Data  fiom  the  cuixcnt  RI  were 
valktaled  as  described  in  Section  2.3. 
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TUUe  3-2  identifies  the  potential  sources  of  contaminants  baaed  on  a|Mll 
records,  the  type  of  contaminants,  and  the  past  and  present  distribution  of  contaminants  in 
die  environment.  Figure  1-2  shows  die  relationahqi  of  potential  upgradient  OUs  to  the  OU  5 
study  area. 


The  focus  of  the  RI  was  to  inveriigate  fuel  contamination  at  OU  3.  Fuel  leaks 
and  9ills  from  the  pipriines  and  distribution  pmnts  along  the  southern  boundary  of 
Elmendocf  AFB  have  been  documented.  Fud-contaminated  soils  with  petroleum  hydrocar¬ 
bon  levds  greater  than  100  mg/kg  (ADBC,  1991)  were  detected  in  three  areas  of  OU  3. 

•  South  of  die  COE  building  (SB29,  Source  ST37); 

•  Base  of  bluff  below  Budding  22-0010  (SL16,  Source  ST38);  and 

•  Near  the  low-pmnt  drain  |»t  at  die  junction  of  Post  Road  and  Second 
Avenue  (Source  SS33). 


The  OU  3  sources  that  led  to  die  current  distribution  of  soil  contamination  by 
fiids  wem  probably  die  pqidine  leaks  discussed  in  detad  in  Section  1.2; 

•  Source  ST37-diead  fuel  line  leak,  1936  to  1938; 

•  Source  ST38— JP-4  fuel  line  leak,  1964  and  1963;  and 

•  Source  ST53--g(df  course  leak  at  low-point  drain  pit  of  JP-4  fiid  line 
discovered  in  1982. 
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Potential  Sources  for  Contaminants  in  OU  5 
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In  tttk  aret,  the  oomamiiiated  soil  is  iocrted  at  the  groundw^  tdilB.  Upper 
vadoae  zone  contamhiation  was  oot  enoounlend  in  die  bluff  ana,  except  where  free  studing 
water  or  groundwater  was  encountered  at  or  near  the  suiftce.  At  sanqding  locationi  SB29, 
SUM,  and  SL16,  diesd  fiid  was  encountered  in  the  0-  to  2-foot  depth  at  6.1  mg/kg, 

ISl  mg/kg,  and  720  mg/kg,  reapectively;  however,  groundwater  seq>s  or  high  water  thbks 
were  encountered  nearby.  No  contaminant  {dume  was  observed  in  the  vadoae  zone  during 
the  RI.  Therefore,  it  is  likely  that  the  fuels  from  past  qtills  have  been  biod^raded  or 
dispersed  ditough  vdatilizatioo  and  flushing. 

Because  of  weathering  of  the  fuel,  fingerprints  of  the  fod  (for  example,  identi¬ 
fication  as  JP-4,  TFH  gas,  and  TFH  diesel)  are  also  probaUy  not  reliable  as  indicators  of 
which  line  was  responsible  for  die  current  contamination.  Most  weathered  fuels  in  soils 
would  be  identified  as  diesd  fiid,  regardless  of  dieir  sources,  die  residual  fods  in  die  sdl 
could  serve  as  a  secondary  source  of  contamination  into  the  groundwater. 

No  active  leaks  were  encountered  during  the  RI.  Current  USAF  practices  of 
pqidine  and  tank  testing  and  routine  maintenance  minimize  die  recurrence  of  leaks. 

Past  investigations  showed  only  trace  levds  of  halogenated  WOCs  in  two 
monitoring  wdls  (NS3-<)2  and  GW-4A)  in  OU  5.  The  current  RI  revealed  that  the  contami¬ 
nation  of  the  tvper  groundwater  aquifer  and  surface  watm  by  halogenated  VOCs  is  more 
widespread.  The  seqps  and  poods  at  die  base  of  die  bluff  aqipear  to  recdve  water  from  the 
upper  groundwater  aquifer.  Coosequendy,  groundwater  contamination  serves  as  a  secondary 
source  of  contamination  to  die  surfece  water  below  die  bluff. 

The  groundwater  sanqdes  ffom  the  upgradient  study  subarea  also  contained 
halogenated  V(X^  and  fuel  constituents,  indicating  dud  the  groundwater  entering  die  OU  S 
study  area  is  aheatty  contaminated  fiom  unknown  upgradient  sources.  Previous  investiga¬ 
tions  at  upgradieat  OUs  have  indicated  bodi  feel  and  scdvents  in  the  shallow  groundwater 
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(Tri»le  S-3;  lefar  to  Rguie  1-2  for  loetoioa  of  OUf  on  Ebneadorf  AFB).  Three  obwrvtoions 
of  the  aotvent  comMirinalion  of  the  i^per  aipiifor  on  the  hue  can  be  made: 

•  Soivott  contaminalion  is  wideqmad. 

•  Conoentratkns  ate  generally  low  Otg/L)  and  involve  more  than  one 
compound  or  breakdown  pnxhict 

•  The  most  common  conqxMind  detected  is  TCE. 

The  highest  scrfvent  concentrations  (1400  Mg/L  for  1,1,1-tncfaloroethane)  were 
found  at  die  fire  training  area.  Nowhere  at  upgradient  sources  were  the  oonceatrationa  of 
solvents  high  enough  to  unambiguously  identify  the  source  of  the  contaminants  entering 
OU  5.  Considering  their  di^nsal  history  and  upgradient  location  tdadve  to  OU  5,  die 
following  sources  may  be  contributing  to  die  low  levds  of  solvents  found  in  OU  S: 

•  SD16  (OU  3) — abandoned  disposal  trench  for  shop  wastes; 

•  FT23  (OU  4,  OU  7)— fire  training  area;  and 

•  SD24,  SD2S,  SD28,  SD29,  SD31  (OU  4)-floQr  drains. 

Source  SD16  ((3U  3),  die  abandoned  dugiosal  trench  for  shop  wastes,  is 
located  in  a  flight  line  area,  west  of  Building  31-260  near  die  east-west  runway,  and  is  less 
than  1  acre  in  siae.  During  the  19S0s  and  1960s,  waste  stdvents,  paint  dunners,  and  other 
liqnid  wastes  foom  shop  operatioas  were  pouted  into  a  ditch(es)  and  disposed  of  diteedy  onto 
the  soil  at  die  source.  The  area  was  subaequendy  backfilled  and  revegelated  so  diat  the 
actual  locations  of  die  trench(es)  cannot  be  determined  by  visual  observation  (Engineering 
Sdence,  1983). 

Source  FT23  (OU  4,  OU  7),  die  fire  training  area,  is  located  west  of  the  north 
end  the  north-soidh  runway  near  Building  43  385.  The  source  consiris  of  two  areas:  a 
drum  storage  area  and  a  bermed  burning  area.  The  drum  storage  area  contained  as  many  as 
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one  hundred  SS-galkm  drums  of  contaminated  waste  oils,  paint  thinners,  waste  fuel,  and 
waste  scrivents  ftom  aircraft  maintenance  and  other  sht^  operations  on  base.  Fire  training 
activities  were  conducted  in  the  bermed  area  ftom  the  1940s  to  1983.  From  the  1940s  to 
1960s,  combustible  wastes  such  as  oils,  fuels,  and  solvents  were  used  as  fuel  for  fire  training 
exerdses.  Approximately  250  to  3000  gallons  of  contaminated  waste  materials  were  spread 
on  tile  ground  surfiree  and  ignited  during  each  exerdse.  Protein  foams  or  chlorobromo- 
methane  were  used  to  extinguish  the  fire.  The  bermed  area  remained  saturated  with 
unconwmed  fuel  following  each  training  exercise.  Visual  observations  of  tiie  source  in  1983 
indicated  very  small  amounts  of  residual  fuels  in  tiie  burn  area.  However,  the  smirce  is 
situated  on  porous  soils  and  gravels  through  whidi  material  infiltrates  rapidly.  In  additkm, 
the  berm  did  not  completely  enclose  the  fire  training  area,  resulting  in  runoff  of  unconsumed 
fud. 


» 


Training  activities  occurred  ^sproximately  <mce  a  month  until  1974.  Since 
1974,  only  dean  fud  has  been  used  and,  ftom  1974  to  1978,  training  activity  decreased  to  ^ 

semiannually.  From  1978  to  1991,  training  was  conducted  on  a  quarterly  basis  and 
unconsumed  fud  was  collected  in  containers  to  prevent  further  runoff.  In  1991,  fire  training 
activities  ceased.  In  addition  to  fire  training  and  sunage  activities,  the  source  was  also  used 
for  disposal  of  empty  drums  and  spent  fud  filten.  These  materials  were  buried  adjacent  to  h 

the  source  a  few  hundred  feet  east  of  the  bermed  area  and  are  covered  witii  local  gravd 
(Engineering  Science,  1983). 

» 

Sources  SD24,  SD2S,  SD28,  SD29,  and  SD31  (OU  4)  are  floor  drains.  It  is 
su^)ected  tiiat  sdvents,  as  well  as  POLs,  have  been  disposed  of  tiuough  shop  floor  drains 
into  dry  wdls  or  leach  fidds.  Most  of  tliis  disposal  occurred  before  the  mid-1960s,  before 
building  drains  were  connected  to  the  MOA  sewage  system  or  individual  sq>tic  systems.  A 
limited  fidd  investigation  (LFI)  during  the  summer  of  1992  used  geophysical  techniques  to 
locate  potential  drain  outfalls.  Soil  samples  were  collected  to  quantify  any  existing  soil 
contamination  at  tiie  outftdls.  The  sources  listed  above  were  identified  for  furtlwr  remedial 
investigation.  No  groundwater  samples  were  collected  during  the  LFI;  howev^,  a  review  of 
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pravioM  gRMwhraler  date  was  perfocmed.  The  fire  training  area  may  be  oontributing  to  the 
groondwater  contaminafioo  at  die  floor  drain  sources  (CH2M  Sll,  1992e). 

Total  metal  conoentratiooa  above  iqigradient  groundwater  concentrations 
(MWOl,  lfW02)  or  background  soil  concentratians  were  fimnd  in  finir  i^per  aquifer 
groundwater  samples  ^1-01,  SPl-02,  MWIS,  and  MWIQ  and  in  soil  sanqdes  collected 
near  the  base  of  the  lower  bluff.  Of  the  metals  exceeding  background  levds,  arsenic  and 
beiyllittm  are  inqnctant  in  the  evaluation  of  risk  because  of  their  toxicity  (Section  6.1). 

The  source  of  the  elevated  metals  is  unknown  but  may  be  related  to  naturally 
occurring  geological  formations  such  as  in>idaoe  coal  seams  or  to  andiropogenic  sources  such 
as  fud  ^alls,  coal  fly  ash  deposits,  or  storm-water  runoff. 

Coal  fly  ash  was  encountered  in  five  snl  borings  (SPl-()2,  SP2/6-()5, 

SP2/6-04,  SP2/6-03,  and  GW-6A)  drilled  at  OU  S  by  previous  investigates  (Blade  & 

Veaidi,  1990a:  Dames  St  Moee,  1988).  During  die  RI,  no  new  beings  contained  fly  ash, 
and  the  areal  extent  of  die  fly  ash  was  determined  at  ST37.  The  fly  ash  qipears  to  have  been 
used  to  extend  the  bluff  and  may  have  been  laid  down  in  lifts  widi  covering  of  odier  fill 
material. 


I 
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I 
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Coal  was  used  by  die  military  bases  in  die  Anchorage  area  to  generate  power 
and  steam  ftir  heating  buildings  until  die  1960s  when  die  power  plants  switched  to  natural 
gas.  At  least  some  cS  die  coal  came  fiom  the  coal  mines  near  Sutton  in  the  Matanuska 
Vallqr,  which  dosed  down  when  the  militery  switched  fuels  (O’Hara  et  al,  1985).  It  is 
unlikdy  that  the  fly  ash  at  OU  5  originated  fiom  die  burning  of  refuse  because  of  the 
historical  and  extensive  use  of  landfills  for  disposal  of  refuse.  Consequentiy,  only  metals, 
radier  than  odier  Inirn  products,  are  subjected  in  the  fly  ash. 

Metals  might  also  be  encountered  in  snow  that  was  jdowed  from  base 
roadways  and  piled  on  die  bluff  near  the  intmection  of  Mtqde  Street  and  Bluff  Road.  The 
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watm  mdtBd  ialD  a  pond  at  the  baia  ci  die  Muff.  During  wanner  monihs,  Moni-waier 
niM^  diadMiiee  along  chamiels  on  the  lower  Uuff  and  BBiV  be  intraducini  melals 

into  the  wedand  areu  at  die  baae  of  the  bluff. 


I 


One  of  die  six  ledimcnt  nmpiea  contained  PCBs.  The  aani|de  was  taken  from 
the  lower  bluff  pond.  Potential  aouaoea  of  die  PCB  may  be  the  lailroad  next  to  the  pond  or 
snow  dupoaal  operations  the  top  of  the  bluff. 
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The  pfimaiy  release  mechanisms  for  contaminants  at  OU  5  have  been  identi¬ 
fied  as  spills  and  teaks.  The  known  contaminants  are  fuel  products  and  their  constituents. 
Sdvents,  metals,  and  PCBs  have  also  been  identified.  The  physical  and  chemical  paiameters 
for  die  organic  and  inorganic  contaminants  identified  frmn  OU  S  aedvittes  are  sununarized  in 
Tables  S-4  and  5-3. 


The  frie  and  tranqnrt  of  chemicals  at  a  site  are  evaluated  by  considering  die 
physical  and  chemical  interaction  of  the  diemicals  within  the  environment.  Mobility  and 
persislenoe  are  of  primary  inqxxtance.  Mobility  rquesents  the  potential  for  a  diemical  to 
migrate  along  a  given  pathway..  Perristence  is  a  measure  of  how  long  a  chemical  will  remain 
in  the  environment 
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Several  physical  and  chemical  properties  affect  the  tran^mrt  of  inorganic  and 
organic  cooqwonds  in  the  environment  The  following  rix  parametera  are  important  to 
contanunant  ttan^MXt: 

•  Molecular  weight; 

•  StdubUity  in  water; 

•  Vspor  iwessure; 
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•  Bemy’i  kw  oookaiU; 

•  Density;  and 

•  Oqpsiic  caibon  pnitition  Goeffidcat 

Other  properties  not  listed  that  may  affect  migndion  of  contammants  include 
viscosity  and  tenpentufo.  A  brief  descrtytion  of  the  six  parameters  follows. 

The  mdecular  weight  of  a  pure  cmityound  influences  other  physical  diaiacter- 
istics  oi  a  contyound.  F<x  exantyle,  VOCs  with  higher  mdecular  weights  have  less  tendency 
to  vtdatiliae  dian  those  with  lower  molecular  weights. 

Water  sdubility  is  die  maximum  concentration  of  a  compound  that  can 
disaotve  in  water  at  a  ^ledflc  pH  and  temperature.  Ifighly  aduble  conqwunds  tend  to  be 
more  mobile  in  groundwater  and  the  leadi  fomn  sols. 

Density  and  sdidrility  of  contanunants  are  among  the  primary  phyrical 
properties  affecting  the  ttanaport  of  sqnraie  phase  liquids  in  soil  and  water.  The  density  of 
a  slightty  stduble  conqioond  determines  vdiether  it  will  rink  or  float  in  the  saturated  zone. 


Vapor  pressure  is  a  rdative  measure  of  vtdatility  of  a  contaminant  in  its  pure 
slate.  Cootyounds  with  high  vqwr  pressures  voladlire  readily  ftom  die  liquid  form. 

Henry's  law  constant  describes  the  distribution  of  a  cbemkal  between  air  and 
soil  or  wmer  at  etyulibrium.  is  usually  ddined  as  the  ratio  of  die  partial  pressure  of  the 
compoinid  in  air,  measured  in  atmoipheres,  to  die  mcde  fraction  of  the  cornpound  in  a  water 
ardudon.  A  hi^  Kory’s  law  constant  indicates  a  higher  tendency  for  a  conqwund  to 
voiadliae  flom  soil  or  water. 

The  organic  carbon  partition  ooeflicient  (K^  indkates  the  tendency  for  a 
chemical  to  be  absorbed  by  organie  carbon  in  the  solid  mrtiix  of  die  vadose  and  water- 
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bnriagioQB.  Um  K«  values iodicate £uler  kadiiiig  £rom  the aooroe aicu  and  less 
idacdatiaa  of  the  contjniiiant  as  it  is  tnuupotted  by  gnMindwater  movciaent 


Aoodicr  panmeler,  the  octsMd/wtter  partitioe  ooeffichatt  or  Lof  Kt.,  can  be 
used  to  pre<Bct  Mocoeccntiatioe  in  aipiatic  ocganisins.  The  Log  K,.  provides  a  oieasuie 
die  erteet  ci  chemical  paititioiiiiif  between  water  and  octanol  at  equilibrium.  The  greater  die 
Log  K.,,  die  more  Ukely  a  chenrical  is  to  partitioo  to  octanol  than  remain  in  water.  Octanol 
is  used  as  a  surrogate  for  Iqnds  (fids),  and  is  stored  as  fid  by  animals. 

The  following  paragnqihs  desoibe  the  contaminants  of  concern,  the  physical 
parameters  that  affoct  the  fide  and  tran^iort  of  die  contaminants  in  die  environment,  and  the 
general  distributioo  of  die  contaminants  in  the  environment  Detected  concentrationa  are  also 
craqiated  to  established  federal  and  state  regulations  where  appropriate.  Any  exceedances 
are  discussed.  (Note:  Appendix  N  in  this  RI  rqwrt  contains  the  preliminary  ARAR 
evaluatkm  dud  was  completed  for  the  OU  5  Managmeru  Han  [CH2M  EQll,  1992d].) 


5J.1 


Fad  Products  and  Censtltiienta 


Previous  investigations  and  records  have  shown  that  fuels,  fuel 
constituents,  and  their  weathered  decomposition  products  are  die  primary  environmental 
contaminants  eqiected  at  OU  5.  The  physical  and  chonical  properties  of  these  products  are 
summarized  in  Tdde  5-5. 


Laboratory  rqiotta  and  military  ^wdiicatioas  obtained  from  Elmendotf  AFB 
Fuels  hfanagemeat  addreu  gross  perfimnance  levels  of  die  feels  and  do  not  quantify  ^ledfic 
diemicals.  Fbrexanqde,  JP-4  jet  fuel  is  naade  by  blendiiig  various  proportkms  of  distillate 
stocks,  sudi  as  mphdm,  gasoline,  and  kerosene,  to  meet  military  qiedfications.  There  is 
considesaUe  vaiiahility  in  the  concentration  of  mi^  components  and  performance  char- 
acterisdcs,  depending  on  the  source  of  crude  ml. 
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Dieiel,  JP-4,  and  gaadine  differ  in  the  avenge  oMdecular  length  of  die 
hydiDcaftMn  comtitiienis.  This  diffSerence  can  be  useful  in  fingerprinting  the  source  ot  a  leak 
if  more  than  one  fuel  Qfpe  is  involved.  The  molecular  length  of  hydrocartion  constituents  is 
also  necessary  infbrmation  for  selecting  the  most  qipropriale  EPA  laboratory  test  method 
(such  u.  EPA  Method  418.1,  8100  Modified,  or  8015  Modified  [ADEC.  1991])  to  maximize 
recovery  during  analysis.  The  fingerprinting  of  fuels  is  most  useftil  for  fresh  spills  or  leaks. 
Petroleum  i|m11s  lose  their  short-chain  hydrocarbon  components  by  volatilization  to  the  air  or 
adubilization  to  the  groundwater.  (Hd  weadiered  in  soils  tend  to  telaitt  die  more 
persistent,  longer-cfaain  components  (Momedical  and  Environmental  Information  Analysis, 
1989). 


# 


I 


» 
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hi  general,  automotive  gasoline  is  composed  of  hydrocarbons  in  the  range  of 
Q  to  Ctt,  with  boiling  points  from  ip|»oxiniately  30*C  to  210‘*C.  The  rqiotted  distillation 
range  for  JP-4  is  qtpraximately  140‘C  to  270*C,  recovering  hydrocarbons  in  the  range  of  Q 
to  Ct4.  Diesel  fuel  usually  distills  after  kerosene,  in  the  range  of  200*C  to  400*C.  Several 
grades  of  diesel  fuel  are  obtained  by  blending  various  feedstocks  to  achieve  performance 
specifications,  but  diesd  fuel  is  predominandy  a  mixture  of  Cio  through  €»  hydrocarbons 
(Komedical  and  Environmental  Information  Analysis,  1989). 

Fud  was  seen  seeping  from  the  base  of  the  bluff  near  die  railroad  track  at 
Source  ST37  in  the  late  1950i,  and  dwusands  of  gallons  of  fud  were  reportedly  recovered  at 
die  site.  Other  fud  seeps  have  been  sighted  along  the  entire  length  of  OU  5.  Fud-like 
sheens  have  also  been  rqmrted  on  the  ponds  and  seasonally  wet  areas  of  the  lowlands  north 
of  Sh^i  Creek.  Because  fuels  are  lighter  duui  water  (LNAFLs),  di^  can  form  a  floating 
layer  on  die  groundwata  table  or  on  surfoce  wsoer  vriien  in  concentrations  greater  than  their 
adubilities.  No  LNAFLs  were  encountered  in  the  monitoring  wdls  during  diis  investigation. 

Based  on  the  {diysical  and  chemical  parameten  in  Table  5-4,  vdadle 
conqwnents  of  fuds  sudi  as  BTEX  generally  have  a  telativdy  high  sdubility  in  water,  high 
viqior  pressure,  low  mdecular  weight,  and  low  K..  These  characteristics  result  in  tdadvdy 
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high  mobility  <rf  theie  Aids.  BTEX  compounds  aie  escpected  to  kadi  easily  from  the 
iinsaturated  zone  mid  move  with  the  gnNmdwaler. 

The  ftdenl  (40  CFR  141)  and  state  (18  AAC  80)  diinkinf  wakr  maximum 
contaminant  level  (MCX)  for  benzene  is  5  pig/L.  Alaska  legulatkms  also  state  that  fud 
contamination  must  not  result  in  a  sheen  or  odor.  In  a  past  investigation,  a  water  sample 
from  monitotii^  wdl  SPl-01  exceeded  the  standards  with  13  /ig/L  benzene  and  fud  odor. 
This  same  wdl  had  coocentratioos  of  8.S  /ig/L  benzene,  290  /tg/L  TFH  diesd,  and  16(X) 
ftg/L  TFH  gas  vriien  resampled  during  this  1992  investigation.  Because  benzene  is  a  known 
carcinogen,  it  often  drives  risk-based  calculations  and  deanup  parameters. 

In  contrast  to  BTEX,  PAHs  have  rdativdy  high  mdecular  weight,  low  vapor 
pressure,  low  Henry’s  law  constant,  low  sdubility,  and  high  X,..  In  ^neral,  PAHs  have  a 
high  afiSnity  for  sorption  to  moat  amis  and  tend  to  kadi  more  slowly  than  V(X^s.  Once  in 
groundwater,  they  tend  to  migrate  at  a  slower  rate  tfian  the  groundwater.  However,  some 
PAHs,  such  as  n^thalene  and  aceniq^didiene,  are  relativdy  mobile  in  groundwater  compared 
with  other  PAHs. 


PAHs  are  often  found  at  low  coocentratioos  in  or  near  surface  smls  and  in 
stagnant  surface  water  and  sediments.  The  low  background  levds  can  result  from  the 
ubiquitous  use  and  incmiqikte  combustion  of  Aids  mid  the  use  of  pdroleum  products  as  road 
sur&dng  cmnpounds.  Background  kvds  A»  PAHs  are  not  known  for  Elmendorf  AFB. 

During  this  investigation,  PAHs  were  detected  in  some  soil  and  sediment 
sanqdes.  Several  PAHs  were  delected  in  two  duidkate  samides  from  tiie  surAne  and  one 
sanifde  Aom  the  4-A)Ot  dqNh  at  soil  boring  SK9.  Bming  SB29  is  located  in  the  lower  bluff 
stuffy  subarea  bdow  tiie  COE  bmlding  and  next  to  monitoring  wdl  SPl-01,  whidi  also 
contained  niqiiifliaknea.  This  location  also  iqipears  to  have  grass  cuttings  and  other  ground 
maintenance  debris  dumped  here  on  a  r^ular  basis,  and  could  possibly  be  a  site  where  small 
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qiMmritiea  of  waste  oil  have  been  discarded  ftom  individuals  changing  their  automotive  oil. 
Sediment  ampies  in  die  lower  bluff  ponds  also  contained  PAfli. 

Cmnponents  with  low  s(did)ilities  and  low  vapm  pressures,  such  as  the  heavier 
and  (rfkn  weathered  hydrocarbon  components,  are  tUody  to  remain  in  die  ami  and  could  be 
tran^Mcted  away  from  the  release  area  by  windblown  dusts  or  by  surfitoe  runoff.  It  is 
possible  for  conqwunds  with  low  water  scdubilities  to  reach  the  groundwater  if  they  have 
higher  solubilities  in  odier  liquids  that  occur  at  the  source  (for  instance,  PCBs  dissolve  in 
diesel  fuel  or  gasoline). 

Spills  and  leaks  at  OU  5  have  been  repmted  for  up  to  40  years,  equally 
during  the  19S0s  and  1960s.  Therefore,  considerabte  weadiering,  tran^rt  of  more  soluble 
or  volatile  conqionents,  and  natural  biological  d^radadon  may  have  already  occurred. 
Natural  attenuation  of  contaminants  will  be  a  vital  factm,  eqtedally  in  assessing  the  off-base 
migration  of  groundwater  and  in  defining  in-situ  treatment  parameters. 

A  more  detailed  concqptual  assessmoit  of  the  environmental  fide  and  tranqmrt 
of  fuel  contaminants  at  OU  5  is  found  in  Section  5.4. 

5.3.2  Solvents 


» 


During  previous  investigations,  TCE  was  found  in  one  groundwater  monitoring 
well  ^iS3-02)  at  Source  SS53,  at  a  trace  level  of  1.2  Wdl  NS3-02  is  between  die 
ARRC  railroad  track  and  Shqi  Credc,  near  the  gcdf  course.  PCE  (0.4  fig/L),  TCE  (3.0 
fig/L),  and  DCE  (2.4  ftg/L)  were  detected  in  well  GW-4A  at  Source  SD40/ST46  in  1986  by 
Dames  A  Moore  (1988),  Init  were  not  detected  when  the  well  was  resampled  in  1988  (Mack 
A  Veatch,  1990).  NS3-02  and  OW-4A  were  not  resampled  for  halogenated  VOCs  during  the 
1992  investigation.  However,  new  monitoring  wdls  (MW-30  and  MW-31)  in  nearby  areas 
were  sanqded  and  no  halogenated  VOCs  were  detected. 
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During  die  RI,  no  soil  or  aediineat  amides  were  found  to  oontiin 

halogenaied  VOCs.  However,  both  upper  groundwtier  aquifer  and  pood  surftoe  water  had 
halogenated  VOCs,  including  the  fidlowing  compounds: 

•  TCE; 

•  1,1,1-TCA; 

•  1,1,2,2-tBtiadilocoediane; 

•  Chkxoethane; 

•  1,1-DCA; 

•  1,2-DCA;  and 

•  t-l,2-DCE. 

The  fcdlowing  three  solvents  occurred  in  monitoring  wells  from  the  upgradient 

study  subarea: 

•  TCE; 

•  1,1,1-TCA;  and 

•  1,1,2,2-Tetradiloroethane. 

Bast  invesdgatians  have  found  die  following  halogenaied  VOCs  in  Wdl  1, 
whidi  is  also  tqigradient  of  the  OU  S  study  area  (Black  A  Veatch,  1990;  BESG  data,  Sectirm 
1. 2.3.3  herein): 

•  TCE; 

•  1,1,1-TCA; 

•  1,1,2,2-Tetrachloroethane;  and 

•  1,1-DCA. 
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Of  the  aolveBts  found  in  OU  S,  TCE  oocun  in  the  moit  lootfiont  qireid 
acRMS  die  iliidy  area.  TCE  enoeeds  the  fedoal  (40  CFR  141)  and  stale  (18  AAC  SQ) 
drinking  water  legulatiooa  of  5  |tf/L  at  monitoring  wdla  in  the  upgradient  nbaica  (hfWQ2, 
MW06,  MW07)  and  in  the  pqieline  omridor  subarea  (SP1-Q2).  TCE  was  also  delected  in 
auffiKe  water  sanqdes  at  the  golf  course  beaver  pond  and  the  lower  bluff  pood. 

In  the  past,  TCE  was  used  for  cleaning  activities  in  flighdine  shops  and  at 
other  areas  of  the  base.  TCE  and  its  decomposition  products,  such  as  DCE  and 
cfaknoethane,  have  been  detected  in  die  groundwater  and/or  soils  at  areas  iqigradient  of  OU  S 
at  concentratioos  lyproadiing  or  above  established  maximum  contaminant  levds.  These 
areas  are  the  landfills  in  OU  1,  the  shop  waste  disposal  site  (Source  SD16)  of  OU  3,  and 
near  shop  drains  of  OU  4.  TCE  is  also  a  degradation  product  of  PCE.  PCE  has  been 
detected  in  OU  1,  OU  3,  and  OU  4. 

TCE  has  a  moderate  solubility  in  water;  dierefote  surface  spills  are  likely  to 
migrate  to  groundwater  ar  surface  water.  If  a  small  quantity  ^ill  occurred,  downward 
migration  to  die  aquifer  or  duou^  the  water  ccdunm  would  be  controlled  by  vertical 
gradients  or  dispersion.  TCE  is  heavier  than  water,  so  if  free  product  reached  die  water 
table,  it  could  sink  and  eventually  become  stdubilized  m  collect  on  a  low-permeability  layer. 
A  large  release  of  TCE  into  the  peraaeable  alluvial  aquifo  could  result  in  more  rapid  vertical 
migration  than  would  be  expected  f<x  stdubilized  contaminants.  No  layen  of  contaminants 
heavier  than  water  (DNAPLs)  were  encountered  during  the  RI  in  either  the  soil  borings  or 
the  monitoring  wells  diat  reached  the  low  permeability  Bootl^ger  Ove  Formation.  ICE 
would  also  be  expected  to  volatilire  into  die  air  and  soil  gas. 


A  more  detaited  concqitoal  assessment  of  die  environmental  fate  and  tranqiort  • 

of  stdvent  contamiiumts  at  OU  5  is  found  in  Section  5.4. 
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S33  HwvyMrtak 

The  form,  bioevailahility,  and  transport  oi  metab  in  soils  dqiend  on  the  parent 
rock  asaiariai,  soO,  pH,  amotmt  of  inoislure  and  oifanie  matter,  ondatkNi-reductioo 
proceasea,  and  odier  oooqikx  chemical  procesaes. 


At  OU  S,  lead  exceeded  background  levds  in  soils  in  the  lower  bluff.  Post 
Road  oonidor,  nd  golf  course  beaver  pond  where  maximum  detected  concentrations  of  I 

206  mg/kg,  87.2  mg/kg,  and  3S.2  mg/kg,  respectivdy,  were  found.  No  lead  was  detected  in 
die  groimdwaser  samples.  Lead  has  been  used  as  a  foel  additive  and,  dierefoie,  can  be  found 
in  tdeases  of  leaded  fuels.  Other  metals  can  also  be  found  in  fuels  (Tkble  S-S). 

> 


Heavy  metals  may  be  concentrated  in  fly  ash  from  the  burning  oi  coal.  The 
type  and  oonoentratioos  of  metals  found  in  fly  ash  are  dqtendent  on  die  source  of  the  coal 
and  the  partide  sixe.  Potentially  toxic  elements  sudi  as  arsenic,  cadmium,  chromium,  ^ 

copper,  nickel,  andmony,  selenium,  dn,  lead,  vanadium,  and  zinc  have  been  found  to  be 
preferentially  concentrated  on  the  surflmes  of  small  fly  ash  particles  (Norton  et  al,  1986). 

Arsenic  exceeded  background  (or  ingredient)  levels  in  ami,  fly  ash,  and  die  ^ 

upper  aniifor  groundwater  at  OU  3.  According  to  O’Neill  (1990),  the  proportion  oi  arsenk 
m  fly  ash  that  is  water  aotnble  varies,  and  die  value  obtained  depends  on  die  mediod  of 
estimation.  He  reports  tint  fly  ash  in  die  United  States  contained  4  percent  of  die  arsenic  in  I 

a  aoklde  form  by  ottin  a  hi|h  liqpnrMo-aolid  ratio.  The  arsenic  in  die  water  extract  was 
determined  to  be  die  pentavalent  form  of  arsenic. 

fo  December  1992,  upper  aquifer  groundwater  sanqdes  were  collected  fomn  ^ 

two  vpgradient  submea  wdUs  (MWOl  and  MW()2),  one  pqidine  sidiaxea  wdl  (SPl-()2),  and 
duee  lower  bluff  subarea  wells  ^1-01,  MW15,  and  MW16).  Fourteen  metals  were  found 
in  higher  coocentrrtioos  in  the  pqieline  corridor  or  lower  bluff  sidiareas  dum  in  the  t 
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mumtiwit  nbiiHL  Coapniag  tte  maximum  Kvoundwaler  ooooemntiom  detected,  tte 
fioUowii^  treadi  cmi  be  idemiiled: 


•  Aliimiawm,  banum,  iroo,  mamancar,  rad  vanadium  were  detected  in 
the  lower  hfaiff  aidMuea  at  ficaier  than  five  timea  die  iqifndieat  levda. 
The  concentraliowa  ot  the  five  metala  alao  increaaed  over  die  aite  in  a 
downgnalient  direction. 

•  Araenic,  chromium,  copper,  lead,  nickd,  adenium,  and  zinc  were 
detected  in  the  lower  bluff  aidMuea  at  between  two  and  five  timea  the 
«9ftadient  levela.  The  maximum  concentiations  of  araenic  and  lead  in 
the  p^idine  conidor  wdl  (SP1*02)  were  slighdy  lesa  than  in  the 
maximum  coocentmiona  in  the  i^tgredient  auba^  The  maximum 
concentiation  of  aelenium  on  the  site  waa  in  die  pipdine  corridor  well. 
The  remaining  fimr  metala  increaaed  acroaa  die  aite  in  a  downgndknt 
direction. 

•  Calcium  and  potaaaium  were  alighdy  higher  in  the  lower  bhiff  aubarea 
and  alighdy  Im  in  the  pqidine  corridor  aubarea,  compared  to  die 
maximum  upgiadient  concentiationa. 


Fly  aah  aanqpka  collected  fiom  Source  ST37  in  December  1992  were  analyzed 
for  total  metala.  Conqiaiiaon  of  die  fly  aah  metala  to  total  metala  in  background  aoila  showa 
that  barium  ia  present  in  die  fly  aah  at  greater  than  five  times  the  background  levda.  Lead, 
potaaaium,  sodium,  and  duJlium  only  alighdy  exceeded  the  background  levels.  Aluminum, 
iron,  tnan£^n*a».,  and  vanadium,  which  are  devated  in  the  lower  bluff  area  groundwater,  are 
not  above  soil  background  levda  in  the  fly  aah.  Arsenic,  barium,  vanadium,  and  zinc  in  the 
fly  aah  may  be  kadiing  out  at  leveia  that  represent  die  detected  concentrations  in  die 
groundwater. 


5,3,4  FUlydiloffiiialed  l^iicqylB 


PCBa  are  potential,  but  onlikdy,  contaminants  at  OU  S.  PCB-oontaminated 
oils  may  have  entered  drains  or  been  landfilled  on  die  bare  iq^gradient  of  OU  3.  Waste  oils 
containing  PCBa  may  alao  have  been  sprayed  along  roadways  or  die  railroad  fre  dust  control. 
PCBa  generdly  have  a  stroi^  afiinity  for  sdla  uid  are  expected  to  have  limited  mobility 
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imiwi  cwried  by  t  ■oo-aqumas  Kqiud  or  wimftilofwii  dost  PCB  ipills  on  water  may  seault 
in  a  aiaftce  film  when  dm  PCBa  are  diMotvod  in  petroleum  products  that  are  ligitter  than 
water,  or  sink  to  dm  bottom  when  the  PCBa  are  in  a  heavier-tban-water  mmrix. 

PCBa  may  accumulate  in  aedimenta  after  suiftce  qifrikmion  or  tpilla.  Benthic 
Offaidama  aaaodated  with  aedimenta  at  die  bottmn  oi  ponda  and  credo  are  known  to  infeat 
PCBa;  hence,  die  compounda  can  be  tcanaferred  up  die  food  dnun.  PCBa  are  atared  in  the 
buy  daaue  of  higher  ammala  and  can  accumulate  to  trade  leveb,  aa  indicated  by  the  high 
Log  value  (Ibble  5-4). 

fo  paat  inveatigationa,  only  subaurfoce  aoil  sani]dea  frran  Source  SD40 
(railroad  maintenance  area)  were  teated  for  PCBa  (Black  Sl  Veatch,  199());  no  PCBa  were 
detected.  At  a  meeting  on  Felmiary  21,  1992,  ftojtet  managera  for  die  USAF,  EPA,  and 
ADBC  agreed  that  a  few  aediment  aanqdea  ahould  be  tested  for  PCBa  to  determine  if  di^ 
are  diemicala  of  concern  and  to  provide  adequate  chmnical  data  to  aaaist  in  evaluating  die 
reaulta  of  toaddty  testa  for  the  ecdogical  invesdgadon  at  OU  5.  One  of  six  sediment  samples 
contained  PCBa.  The  sanqile  was  collected  from  the  lower  bluff  beaver  pond.  Potential 
sources  of  this  PCB  may  be  the  railroad  located  next  to  die  pond  or  snow  dLqwsal  operations 
at  the  top  of  the  bluff. 

5.4  VaimWtmnimiM  Vmtm  mnA  Migration  PUthwnva 

Contaminant  ndgcation  pathways  fin  unsaturated  (vadoae)  zone  scA,  ground- 
wmer,  sediment  and  surfece  water,  and  air  are  discussed  in  this  section.  The  conoqitual 
illustration  of  the  pathways  is  dqikted  in  Figure  5-2.  The  environmental  fete  of  die 
fidlowing  duee  groiqis  of  oonqiounds  is  emphasized  because  diey  are  contaminants  of 
oonoem  at  OU  5: 
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•  Fad  ^  Us  constiaicati,  particular  BlEXs  aad  PAHs,  in  soil  wd 

•  TCE  aad  idaled  aotveats  in  widv;  and 

•  Metals  in  soil  and  water. 

Puds  are  con^dex  mixtuies  <rf  hundreds  of  chemicals.  The  tian^ort  and 
tiansfonnation  of  individud  constituents  of  Aid  will  depend  on  the  physical,  chemical,  and 
bioloficd  properties  of  the  constituents.  Some  constituents  win  dissolve  more  quiddy  On 
percolating  groundwater),  be  soihed  less  strongly  on  soils  (tran^wrted  more  nqndly),  and 
nay  be  more  or  less  susoqitibk  to  degradation  by  diemicai  or  bkdogical  action.  Thus,  the 
idative  concentrations  of  the  constituents  wiU  vary  with  time  and  distance  from  die  source. 
This  effect  is  called  weatiiering.  Weathering  may  have  {dayed  a  large  role  in  OU  S  already 
due  to  the  time  that  has  dqned  anoe  die  first  rqwrted  leaks  and  qnlls.  Current  USAF 
handling  procedures  for  fiids  minimize  the  occurrence  of  qnlls,  and  recent  pipeline  pressure 
tests  show  no  current  leaks. 

Based  on  the  observed  distribation  of  contaminants  in  soil,  groundwater, 
surfiroe  water,  and  sediments  at  OU  5,  transport  is  assumed  to  occur  by  diree  principal 


t 


» 
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Adsorption  to  vadoae  zone  particles  or  sediment  particles  and  ttanqxirt 
or  di^osition  with  dioae  putides; 

Solution  and  tran^wct  in  percdated  water,  groundwmer,  and  surfiKe 
water;  »d 

Flow  of  LNAFL  fuel  products  dirough  the  sml/sediment  to  the  ground¬ 
water  with  sewage  to  surftoe  watv  (observed  as  fiid  seqts  at  the  Muff 
and  sheens  on  surface  water). 
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AMKMgli  air  toBdes  woe  aot  flMMumt  at  OU  S  Ite  RI,  a  fsoftii 


•  Vnlatiliattkiffi  and  particulate  ickaae  to  the  air. 
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The  mi^  landform  oi  OU  S  is  a  bhifF  that  traveraes  from  east  to  west  The 
bluff  is  ajtprorimaieiy  60  feet  hi^  in  the  west  and  20  to  30  feet  hi^  in  die  east  Bbisects 
017  S  into  two  areas:  deq>  vadoae  zone  soils  on  top  the  bluff,  and  soils  with  a  diallow 
groimdwater  taUe  in  die  lowlands  at  the  base  of  the  bluff  and  along  Ship  Creek.  The  soils 
consist  of  mixtures  or  beds  of  gravel  and  sand  with  small  amounts  of  silt  Infiltration  of 
surfroe  prec^tation  through  die  deq»  vadoae  zone  amis  on  die  top  of  die  bluff  may  be  low. 
Evydrampiration  rates  at  Hmendorf  AFB  are  greater  than  die  average  annual  prec^ntatioo, 
so  die  net  pcecipHation  is  negative  (Section  3.1.1).  A  negative  value  for  net  prec^tadon 
indicates  a  low  potential  for  leachate  {xoduction.  The  gravelly  and  sandy  soils  at  OU  S, 
however,  would  not  be  expected  to  retard  die  infiltration  of  water  downward  to  the  ground- 
water. 

Layered  strata  of  different  permeability  can  affect  the  vertical  and  hoiuontal 
nwvement  oi  liquids  duough  die  un  saturated  zone.  The  less  permeable  layers  of  sUt  and  coal 
lenses  found  in  OU  5  (Section  3.2.3.1)  may  deflect  groundwater  flow  toward  the  bluff  in  die 
form  of  seqw  idler  heavy  rams  or  spring  thaw.  The  seeps  investigated  by  soil  gas/ground- 
waler  studies  during  die  RI  had  halogenated  VOC  contamination.  Because  no  known  sources 
of  aedvents  occur  In  OU  5  and  halogenated  VOCs  are  also  found  in  upgradient  groundwater 
samples,  the  seqia  probably  represent  groundwater  ladier  dian  water  infiltrating  direedy  from 
the  surfree. 

In  addition  to  the  native  soil  formations,  gravel  fill  material  mined  frmn  on¬ 
site  borrow  pits  has  been  used  to  construct  roads,  building  pods,  and  die  railroad.  The 
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pwd  fill  tuli  to  he  wen  dnined  id  have  modaHe  lo  hi^  pcnncrtil^.  Aitifidal 
faMtares,  iadadiag  utility  cotridon  and  fravd  fin  around  pipdinei,  will  alio  «fbct  the 
migiilto  of  Data  finom  aeuby  boring  kigt  may  not  predict  dieae  jMthwtyt. 

Fly  aril,  oonoele,  and  tnida  have  boa  used  to  extend  die  &oe  of  the  Muff  at 
OU  S.  Nbddng  in  the  fill  material  ia  expected  to  retard  die  movement  of  oontamimuits  to  die 
gfoiuidwaler,  and  the  fly  ash  may  be  a  aouioe  metals.  The  fly  ash  and  oonstniction  nriibte 
extend  into  dm  qi|Nuem  water  triile  at  OU  5,  indteriing  that  as  the  bhiff  was  extended 
outward,  the  water  taUe  also  extended  into  the  fly  ash.  Another  aouioe  of  metals  may  be 
naturally  ooeuiring  coal  seams.  In  additk»,  snow  dumped  over  die  bmik  west  of  ST38 
during  snow  removal  opetadoos  on  base  may  have  contributed  metals  and  POLs  and  may 
affect  contaminant  migration  through  the  soils  due  to  the  volume  of  water  added. 

The  unsatiirated  zone,  or  vadoae  zone,  at  OU  5  ranges  from  zero  to  approxi- 
matdy  40  feet  bdow  ground  suifeoe.  In  general,  die  vadoae  zone: 

•  Is  a  padiway  for  the  transport  of  gases  and  vedatile  organics; 

•  Can  be  a  zone  of  significant  biodq;iadation; 

•  Can  have  greater  retention  than  the  saturated  zone  and  c«i  dius  act  as  a 
source  of  contamination  even  aflm  the  suifime  has  been  remediated;  and 

•  b  more  difBcult  to  diatacteiize  than  the  saturated  zone. 

The  vadoae  and  saturated  zones  are  part  of  a  continuous  subsurfece  ^stem. 
Consequentty,  arqr  investigations  and  rwnedial  decisions  must  address  both  zones.  The  satur¬ 
ated  zone  (giomidwaler)  has  basewide  imidications  because  it  crosses  source  boundaries. 

The  vadoae  zone  is  more  somoe-aiea  spedfic,  but  can  serve  as  a  secondary  cordamination 
source  to  die  rir  and  groundwater. 

Becaime  of  the  shallow  nature  oi  the  groundwater  and  the  permeridlity  rtf  the 
vadoae  zone  soils,  contaminants  from  large  qdlls  of  POLs  or  solvents  might  be  expected  to 

BMidetfAHIOIISBVniipM  5-40 


# 


I 


» 


t  • 


I 


» 


» 


i 


» 


•  •  • 


•  • 


vnch  IlM  i9pcr  aqpufv.  In  fici,  both  pcodact  aheens  and  dinrived  oonponeitts  htve  been 
diaoovacd  in  inveatiintioa  of  OU  3  aoureei. 

Tho  auffim  M|iiiiien  are  ledtaifed  and  siirfKe  Mils  ate  fluihed  dunng  die 
i|nng  dinw.  Smaonal  waler  levdi  flucbatioas  will  alao  occur  in  wedm^  sufftce  diatna^ 
dilcfaea,  wd  in  atream  banks.  Thia  is  accompanied  by  a  rise  in  the  gioundwaler  taUe  that 
peaks  in  the  summer  to  eaity  M  because  of  continuoua  iiqmt  from  snow  mdt  in  the  CInigach 
Mountaina  and  from  summer  prec^tation.  Hence,  movement  at  readual  comaminants  fttmi 
die  vadoae  zone  to  the  groundwater  system  is  expected  to  be  greatest  during  qxing  thaw  and 
summer.  The  Auguat-Septendter  sampling  period  during  the  RI  coincided  with  the  period  of 
maximum  annual  |«ecipitation  (Section  3.1). 

Freezing  of  surfroe  amis  during  die  wmter  retards  infiltration.  This  has  helped 
in  the  containment  and  cleanup  of  several  POL  spills  that  occurred  during  the  winter, 
including  die  dieael  fud  qiill  at  Source  SS42.  No  significant  permafrost  occurs  on 
Elmendorf  AFB,  so  it  is  not  eqpected  to  be  a  determinant  in  the  migration  pathways  of 
contaminants. 


Mechanisms  for  dq;tadation  of  vadose  zone  contaminants  (biod^tadation, 
volatilization,  and  idmtodegndatioo)  are  greatest  during  die  summer,  when  biologic  activity 
and  sdar  radiation  are  at  their  peak.  Rates  fia  various  biological  and  diemical  d^radation 
processes  are  eiqiected  to  be  largely  tenqieiature  and  oxygen  dqiendent. 

Large  rdeaaes  of  fiid  may  exceed  die  sorptive  cqiacity  of  die  soil,  therdiy 
filling  die  pore  qames  of  the  soil  with  fud.  In  diis  situation  most  of  die  fud  would  move  as 
a  bulk  fluid  downward  through  the  sral  and  to  the  groundwater.  Volatilization  of  the  fud 
components  to  die  air  would  not  be  expected  to  be  a  significant  fretor  if  the  rdeaaes  came 
from  underground  sources,  as  is  thought  to  be  die  case  at  most  areas  of  OU  3.  At 
Source  SS42,  however,  a  (head  fiid  qiill  occurred  the  surfoce.  Volatilization  and  surfree 
runoff  could  have  been  in^octant  fretors  in  contaminant  migration,  excqit  tint  the  ground 
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wm  fnmm,  iMfeninM  woe  low,  aod  nott  of  the  Aid  was  lepocted  to  have  beea 
SBOowarad* 


OftsB,  Ihel  contamininti  ate  hi  ooneeatradoos  bdow  the  aqueous  aolubiUQr. 
Thia  SKhatiow  uaqr  he  fouad  at  the  ei%e  of  a  nugfiting  phune,  at  a  dow  leak,  or  after  loof- 
laras  weathering.  The  trie  of  the  fiial  in  the  soil  cnvuomneot  then  becomes  a  ftnictioa  of  die 
aoUbility,  volatility,  sorption,  and  degradatinn  <tf  its  ian|or  components.  The  idadve 
importance  of  each  of  these  peocesaes  is  influenced  by  the  fiillowiBg  Actors  (Bioniedical  and 
Envifonmeasal  hifbnnation  Analysis,  1989,  V<d.  4): 


•  T>pe  of  rrleaae  surface  versus  underground;  small  versus  large; 

•  Sob  type-organic  content;  previous  history  of  soil  contamination;  and 

•  Envinnsncntal  conditions  pH,  temperature,  oxygen  contenL 

hfigiation  of  Aids  tfarou^  soils  may  be  retarded  by  sorption  of  the  Aiel  to  soil 
particles.  The  higher  die  organic  content  ctf  die  sml,  the  greater  die  sorption.  The  deq> 
gravels  and  sands  at  OU  S  probably  contain  little  organic  matter.  The  total  organic  content 
of  soil  sanqdes  ftom  soil  boring  SBOl  in  the  upgradient  riudy  area  was  4,400  mg/kg  at  the 
S-foot  dqith  and  2,ld0  mg/kg  at  die  IS-foot  dqidi.  The  total  organic  contents  of  the  soils  at 
the  base  of  die  bluff  were  found  to  be  high  during  die  RI,  ranging  from  4,000  to 
229,000  n^/kg  in  the  zero-  to  S-fiiot  zone.  These  soils  at  the  base  of  die  bluff  tended  to  be 
saturmed  at  least  part  of  die  year,  and  wdl  vegetated.  Consideting  only  relative  organic  con¬ 
tents,  die  soils  at  the  boe  oi  die  bluff  would  be  expected  to  retard  Aids  more  than  die 
vadose  zone  soils  beneadi  die  pqidines. 

hfigration  is  expected  to  be  fittest  throi^  ineviously  contaminated  amis 
triiete  the  sorptive  sites  nwy  be  unavailaUe.  Therefore,  Awl  might  flow  quite  raqndly  at 
locations  in  die  bluff  adwte  seqis  have  been  re^emedly  rqiocted.  Smne  Aid  is  left  behind  in 
the  soil  through  triddi  dw  phune  travded.  That  residue  tends  to  be  more  concentrated  in  the 
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fiae  andi  dun  te  te  oooMr  fmvdt.  The  itnAuJly  contMiriinied  loila  may  aerve  m 
aoiooet  of  IcechiMe  Aids  Ibr  a  k»g  tune. 


Tinnapoct  proceaea  m  non  iflqKxtaiit  than  defiadatioii  m  the  fiue  ^  low- 
molecuhr-weight  coayoeema  of  ftida.  IniliaUy,  a  laise  poitkn  of  the  sirface  a|dlla  fueU 
noay  evt^ofate  or  be  tnn^iQrted  by  aurfine  runoff.  Ftff  subsurfMe  contamination,  parti¬ 
tioning  to  die  aoil-v^wr  phaae  is  common  for  the  lower  molecular  weight  aiiphrtig  hydro¬ 
carbons  (C4— C«,  JP-4,  and  gaadine),  which  are  characterized  by  high  vapor  pressores  and 
low  water  aohdulity.  The  alkyl  benzenes  and  BTEX  have  higher  water  solidnlities  and  may 
be  carried  by  the  infiltrating  water.  Larger  compounds  (>€9)  are  weathered  primarily  by 
evaporation  and  biod^radation  (ffiomedkal  and  Environmental  Informadon  Analysia,  1989). 
No  halogenated  VOCs  were  delected  in  vadose  zone  soils  during  die  OU  S  RI. 


f 


5.4,2  Grmnidwater  bflgratloni  Fatiiways 

Two  migor  sources  of  groundwater  have  been  identified  at  Elmendorf  AFB: 


A  shallow,  unconfined  aquifer  system;  and 
A  deqper,  confined  aquifer. 


The  Bootlegger  Cove  Frvmation  forms  the  lower  limit  of  the  shallow  aquifer 
and  is  the  confining  layer  of  the  deqier  aquifer.  It  is  not  known  whether  connecdons 
between  die  aquifers  exist  under  Elmendorf  AFB,  but  the  Bootl^ger  Cove  Formation  is 
bdieved  to  prevent  the  downward  migration  of  contaminants  to  die  lower  aquifer  (Patridc  et 
al,  1989).  The  only  known  estimate  of  die  travel  time  for  pcdlutants  between  aquifers  is  a 
dteoretical  analysis  of  the  Merrill  Field  sanitary  landfill  in  Anchorage.  The  landfill  has 
refuse  buried  bdow  die  tqiper  aquifer  water  table,  thereby  creating  an  environment  in  which 
dte  refiiae  is  corttinuously  leached  and  the  resulting  local  pollution  is  high.  Ndaon  (1982) 
indicated  that  minor  amounts  of  prdhitants  may  teach  the  iqiper  part  of  the  confined  aquifer 
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afkr  "miBy  leot  of  yovs,  but  Oat  water  of  tte  oooqKMitioo  of  die  leachate  prabably  would 
not  leach  the  aqpuler  Cor  more  than  three  oentmies.* 

The  diaUow  aqpdfrr  at  OU  5  is  oonqioied  of  alluvial  and  outwash  dqxMilt. 
Moat  aedimewta  oooaht  of  alluvial  and  outwaah  deposits  of  sands,  gravels,  and  small  amounts 
of  ^  widi  high  permeability  and  a  yidd  (tf  10  to  1,500  gpm  (Patrick  et  al,  1989).  The 
dadlow  aquifer  is  estimated  to  be  10  to  80  feet  duck,  based  on  a  review  of  boring  logs  from 
the  RI  and  previous  investigations. 

Dda  collected  during  the  RI  indicate  that  the  shallow-aquiftr  groundwater  flow 
across  the  southern  part  of  Elmendorf  AFB  occurs  in  a  south  or  southwest  direction 
(Rgure  3-11).  Conaequendy,  OU  5  is  downgcadient  of  other  OUs  and  potential  contamina¬ 
tion  sources  on  the  base  (Figure  1-2).  Groundwater  monitoring  wells  jriaced  iqigradient  of 
die  pqielines  at  OU  5  had  low  levels  of  dissdved  Aids  and  advents,  indicating  that  con¬ 
taminants  are  coming  into  OU  5  fimn  unknown  upgradient  sources.  Some  uncertainty  exists 
with  these  interpretations  because  of  data  limitations.  Water  levd  measurements  and 
dienucal  sampling  were  done  only  during  a  high  groundwater  and  stream  flow  period 
(Ai^ust  through  October).  Consequendy,  that  data  cannot  address  the  issue  of  seasonal 
variability.  Ongoing  groundwater  studies  on  Elmendorf  AFB  will  provide  a  more  complete 
picture  in  the  future. 

Groundwater  velocities  dqiend  on  hydraulic  gradient,  hydraulic  conductivity, 
and  porosity;  all  are  moderate  to  high  in  the  unconfined  aquifer  at  the  southern  part  of  die 
base.  The  hydraulic  gradient  within  the  unconfined  aquifer  along  the  soudiem  portion  of  the 
base  at  the  east  end  of  OU  5  is  95  feet  per  mile  and  at  die  west  end  of  OU  5  is  264  feet  per 
mile  in  a  soudi  or  soudiwest  direction  based  on  the  data  feom  the  RI.  Locally,  hydraulic 
gradients  may  increase  near  surfece  water  bodies  or  shallow  operating  wells.  Hydraulic  con¬ 
ductivity  was  estimated  by  slug  tests  at  newly  installed  wdls  during  the  1992  RI.  The 
inherent  limitations  in  the  slug  test  data  ate  discussed  in  Section  2. 1.5.7.  Hydraulic  conduc- 


BtaMdoff  AFa  OU  s  nun  BwMt 


5-44 


Miy  aatftA  ftom  1.4  §m  par  mimite  (fUvm)  (0.71  em/aec)  at  MW14  to  0.027  tUmn 
(0.010  caa/aec)  M  MW16  (Appcadix  F). 

The  magnitude  d  acaaonal  water  kvd  fluctuationa  in  Ihe  uBcoofinad  aquifer  ii 
not  well  known.  Water  kvds  are  expected  to  liae  in  the  spring  in  response  to  the  spcreg 
thaw  and  Ihioagh  the  summer  ftom  continued  tqnd  ftom  the  Chugach  hfouniains  and 
precqntation.  The  levds  then  should  fidl  skmriy  in  fidl  and  winter.  Any  ftee  product  layer 
(ftir  exanqiie,  fuel  contaminants)  floating  on  the  wmer  thUe  would  be  smeared  or  spread  over 
the  aquiftr  materials  diat  were  dehydrated  as  water  levels  in  the  aquifer  dedined.  The  smear 
rone  often  proves  to  be  die  most  inqwrtant  secondary  aomoe  oi  comarnination  and  b  often 
die  most  difBcuit  area  to  remediaie. 


« 


During  the  RI,  water  level  measurements  were  taken  three  to  ftnir  times  on 
OU  S  monitoring  wdls  ftom  eariy  August  to  late  October  1992.  litde  dumge  in  water  level 
elevations  was  observed  during  diat  short  interval  (Appendix  E). 

Advection  and  dispersion  are  believed  to  be  the  primary  tran^wtt  medianisms 
for  disadved  phase  contaminants.  Advection,  movement  as  a  consequence  of  groundwater 
flow,  jnimarily  influences  horizontal  tran^K»t  of  contaminants  in  the  saturated  zone.  Dis¬ 
persion,  fluid  mixing  doe  to  effects  of  heterogeneities  in  permeabiliy ,  influences  bodi  the 
vertical  and  lateral  spreading  of  a  contaminant  {dume. 


Motecular  diffusion  caused  by  coocrotration  gradients  would  be  oqiected  to 
iday  a  minor  role  in  tranqwrting  contaminants,  compared  to  advection  and  diqiersion. 

The  cqMcity  of  the  unconfined  aquifer  to  retard  contaminant  migration  is 
eaqiected  to  be  low  because  of  limited  amounts  of  (nganic  material  and  silt  and/or  clay  in  the 
soils  on  die  Uuff .  Most  contaminants  are  expected  to  migrate  at  qiproxinialdy  the  rate  of 
groundwaler  flow.  However,  individual  contaminants  may  have  particle  vdodties  that  differ 
significantly  ftom  water  velocity. 
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Onoe  in  sdution,  most  fuel-related  cootaininants  (sudi  as  hydrocaibons  and 
BTEX  oonqwunds  at  saturation)  are  expected  to  concentrate  and  migrate  near  the  top  the 
aquifer.  Convcndy,  nonaqueous  liquids  with  densities  greater  than  water  (for  examjde, 

TCE  and  PC^  could  migrate  vertically  downward  through  the  aquifer  if  free  inxxluct 
readied  die  water  tdde.  Chlorinated  compounds  in  sdudon  at  concentrations  much  less  dum 
saturation  will  move  primarily  by  advecdon  and  di^iersion  near  die  top  of  the  aquifer.  To 
date,  dilorinated  conqwunds  and  BTEX  have  been  found  only  in  concentrations  bdow 
saturation  and,  hence,  are  dissolved  and  carried  by  advecdon  near  the  top  of  the  aquifer. 

Results  of  the  RI  show  that  fud  and  periuqis  advent  contamination  has  moved 
off  base  via  the  upper  aquifer.  The  Elmendorf  AFB  boundary  runs  roughly  along  die  top  of 
die  bluff  on  the  western  end  of  OU  S.  Off-base  monitraing  wells  SPl-01,  MW16,  MWIS, 
and  MW13  in  die  lower  bluff  and  Post  Road  oorridw  subareas  eadi  had  at  least  three  of  the 
following  contaminants  (maximum  amount  detected  in  the  wells): 

•  JP-4  (730  /ig/L); 

•  TFH  gas  (1600  Mg/L); 

•  TFH  diesel  (290  ^g/L); 

•  Benzene  (8.S  Mg/L)’> 

•  Ethyl  benzene  (16  Mg/L); 

•  Xylenes  (370  Mg/L): 

•  2-MediylnapbdMlene  (9  J  ms/L); 

•  Ntqihdudene  (13  J  /tg/L);  and 

•  1,1-DCA  (1.3  Mg/L). 
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hfonitoring  Wells  MW14  and  MW17,  downgradient  of  the  aforemendoned  off- 
base  wells,  did  not  have  any  organic  contaminants. 
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Hie  confined  aquiftr  is  overiain  by  substantial  thicknesses  of  the  Boodq;^ 
Cove  FOrmatioii.  Cederstrom  et  al  (1964)  estimated  the  thickness  of  die  confining  layer  in 
the  vicinity  of  OU  S  to  be  50  to  ISO  feet.  The  clays  and  silts  dial  make  iqi  the  formation 
have  low  hydraulic  conductivity  and  would  be  expeded  to  letaid  contaminant  flow  between 
the  two  nugor  aquifer  systems.  Whedier  connections  edst  between  the  two  aquifer  systems 
under  the  base  is  not  known  due  to  lack  of  stratigraphic  data.  The  historic  artesian  nature  of 
the  confined  aquifer  may  serve  to  force  any  gmindwater  movement  between  die  two  systems 
iqpwaid  rather  than  downward.  Howeva,  well  pumping  in  localized  areas  may  cause  cores 
of  dqnssion  and  reverse  the  assumed  direction  of  vertical  flow. 

5.43  Surfiace  Water  and  Sediment  Fafiiways 

Surface  water  bodies  in  the  vicinity  of  OU  S  include  Ship  Creek,  ponds,  and 
permanendy  and  seasonally  wet  areas.  Surface  water  is  an  important  source  of  drinking 
water  for  the  base.  HOwever,  surfece  water  supplies  come  from  sources  upgradient  of  the 
base,  sudi  as  Eldutna  and  Ship  Creek  reservoirs. 

Soudi  of  the  Elmendorf  moraine,  ntrface  water  drains  sooth  and  west  into  Ship 
Creek.  The  surface  water  travels  through  culverts  and  road  ditches  to  arrive  at  Ship  Creek 
(Figure  2-2).  The  upper  Ship  Credc  basin  is  an  important  recharge  area  for  die  Anchorage 
confined  aquifer  and  provides  qiproximately  25%  of  the  total  recharge  to  the  system  (Weeks, 
1970).  Surface  water  quality  on  Elmendorf  AFB  is  monitored  by  the  base  Bioenvironmental 
Engineoing  Services  group  (Section  1.2.3.2),  Black  &  Veatdi  (1990)  collected  sevoal 
samples  from  Sh^  Creek  (Section  1.2.3. 1),  and  more  samples  were  analyzed  for  the  RI 
(Section  4.4).  Generally,  the  wat»  quality  of  the  analyzed  samples  from  Ship  Creek  has 
been  good.  However,  diere  are  tqxnts  from  previous  investigators  of  foam  in  Ship  Creek, 
and  fuel  sheens  and  petroleum  odms  on  ponds  in  road  ditches  at  OU  5. 

Contamiiumt  migration  in  surface  water  and  sediment  is  strongly  influenced  by 
the  spring  draw,  v^ien  large  vdumes  of  water  are  flushed  through  die  surface  water  drainage 
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•  Fhiafaiiig,  MltiUlizatkm,  and/or  enxkn  oi  contaminated  surlhoe  aoils  by 
siuftoe  ninoff ,  with  eventual  diacharfe  to  the  receiving  auiihoe  water 
body; 

•  Fluahing  of  vadoae  zone  contaminants  to  the  groundwater  system,  and 
later  diachatge  to  a  receiving  surfine  water  body;  and 

•  Resuspenskn  and  transport  of  sediments  during  peak  disdiaige  periods. 

Similar  i»ocesaes  would  occur  duimg  heavy  summer  or  fidl  rains. 

Contaminants  are  mobilized  primarily  either  as  dissolved  constituents  or 
adsorbed  particulate  matter.  Once  introduced  to  tiie  surface  water  systems,  many 
contaminants  will  undergo  various  tran^iort,  transfcvmation,  or  d^tadation  processes, 
including  vtriatilization,  adsmption,  biod^iadation/bioaccomulation,  and  photod^radation. 

Ship  Creek  qipears  to  be  a  gaining  stream  in  the  OU  S  study  area.  Studies 
during  tiie  RI  showed  good  hydraulic  communication  between  tiie  groundwater  in  the  Ship 
Creek  alluvium  and  the  creek,  and  a  general  trend  of  groundwater  flow  toward  Ship  Creek. 
Chemical  analysis  of  sur&ce  water  frcmi  Ship  Credc  during  the  RI  shows  it  to  be  free  of 
organic  contaminants. 
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The  surfKse  water  and  sediment  monitoring  conducted  as  part  of  tiie  OU  S 
investigation  was  performed  on  two  occasioos,  both  during  the  summer  months  vriien  flow 
within  Shq>  Creek  was  at  or  near  maximum.  Histraical  data  for  Ship  Creek  (USGS,  1976) 
indicate  that  minimum  flows,  ranging  fttun  17  to  qjproximately  20  cfii,  occur  during  tiie  late 
winter  montiis  (Fdmiaiy  timwgh  April).  Seq»ge  studies  conducted  by  the  USGS  (Weeks, 
19^  indicate  that  groundwater  disdiaiges  into  Ship  Creek  as  base  fhiw  in  the  vicinity  of 
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OU  5.  ItaafotB*  (he  maximum  infMct  tfwt  contaminated  pmadwaler  coidd  hanm  oa 
Greek  wiler  quality  would  be  C3tyec(ed  to  occur  during  the  low  flow  period. 

No  water  quality  data  are  avaiUde  for  Shty  Creek  during  the  low  flow  period. 
However,  groundwater  data  colkcted  u  part  of  foe  OU  S  inveedgatioo  were  used  in 
coiguiictton  with  hiatorical  flow  records  to  estimate  potential  worst-case  concentrations  in 
Shty  Credt  during  foe  low  flow  period.  The  estimated  concentiatioos  do  no(  represent  a 
imdiction  of  actual  concentrations  for  this  period,  l»it  rather  what  concentrations  could  be  in 
Sh9  Credc  in  a  worst-case  scenario  based  on  tiie  available  data. 

The  estimated  wnst-case  concentrations  were  calculated  by  cmiqmring  foe 
estimated  vtdume  ci  groundwater  flowing  through  OU  5  wifo  minimum  Sh^  Creek  flows, 
and  uring  the  results  to  estimate  the  extent  to  which  measured  groundwater  concentrations 
are  diluted  upon  entering  Ship  Creek.  The  estimated  worst-case  concentrations  are  based  on 
a  series  of  assunqMkms,  including  the  following: 


•  The  flow  volume  in  Shq)  Creek  equals  the  lowest  average  daily  flow 
rate  of  17  cfo  recorded  at  the  Shq)  Creek  gaging  station  (no  longer  in 
service)  below  the  power  plant  at  Elmendorf  AFB  on  Mardi  29,  1975. 

•  The  estimated  groundwatm  flow  rate  of  4  cfo  tiirough  the  unoonfined 
aquifer  beneath  OU  5,  baaed  on  water  level  data  ccrilected  on 
SqMember  24,  1992,  is  rqneaentative  of  groundwater  flow  at  other 
times  of  tiie  year. 

•  The  available  stratigrtqthic  data  are  suflident  to  estimate  the  cross- 
sectional  area  of  the  unconfined  aquifer  through  which  groundwater 
flowing  into  OU  S  nniat  move. 

•  All  groundwater  flooring  into  OU  5  tiirough  tiie  unconfined  aquifo 
enten  Shty  Credc  along  tiie  soutiiom  boundary  of  OU  5. 

•  Groundwater  concentrations  measured  in  samples  from  OU  5  monitor¬ 
ing  wells  conqileted  in  alluvium  near  Ship  Creek  are  rqnesentative  of 
groundwater  concentrations  entering  Ship  Creek. 
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(kouadwalar  ooQOOttntkMtt  am  redooed  by  an  anooit  prapoftkM^ 
tbe  ntio  of  frouodwitter  flow  (4  eft)  to  Sdiq*  Cndc  flow  (17  eft),  to  a 
vahie  dial  is  ^iproxiiiiately  2S%  of  the  oripnal  concentration. 


Ihe  vtdume  ctf  groundwater  flowing  throu^  OU  S  was  estimated  by  drawing  a 
crott  section  duou^  the  unconfined  arpiiftr,  perpendicular  to  the  direction  of  flow,  along 
die  12S-foot  coidour  line  (refer  to  figure  3-11).  Stradgn^phic  information  obtained  from 
moiutariiig  well  logs  (for  wells  located  along  die  125-foot  contour  line)  was  used  to  estimate 
the  cross-secdonal  area  of  the  nturated  zone  (rqiproximately  1.86  x  Ifl^  square  feet).  This 
cross-sectional  area  was  multqdied  by  a  linear  groundwater  flow  vdodty  to  estimate  a  steady 
state  groundwater  flux  dirough  OU  5.  The  linear  velocity  is  based  on  an  estimated  gradient 
of  0.02,  a  hydraulic  conductivity  of  3.3  x  10^  feet  pm  second,  and  an  aquifer  pmosity  of 
30  percent. 


The  groundwater  concentrations  used  in  this  exercise  are  actually  iqiper- 
confidence  limits  (for  a  95%  confidence  interval)  for  a  mean  concentration  calculated  using 
data  feom  11  wells  located  near  Ship  Credc.  (The  wdls  indude  the  fdlowing:  MW08, 
MW09,  MWIO,  MW12,  MW13,  MW14,  MW15,  MW16,  MW17,  MW30,  and  MW31.  The 
parameters  for  adiidi  mean  oonoentrations  were  calculated— gasdine-range  hydrocarbons,  JP- 
4-iange  hydrocarbons,  dieael-range  hydrocarbons,  and  benzene— were  eadi  detected  in  at 
least  one  of  die  wdls  used  in  tiie  calculation.  Although  other  parameten  were  detected  in 
several  of  these  wdls,  they  were  not  used  to  estimate  worst-case  concentrations  because  no 
standards  exist  against  vdiich  thqr  may  be  emnpated. 

The  worst-case  oonoentrations  and  apidicable  standards  ate  listed  in  Table  5-6. 
The  results  hated  in  Tdble  5-6  indicate  several  points  of  inqwrtance: 

•  Most  of  the  chemical-^iecific  organic  oonqwunds  induded  in  this 
investigation  are  not  eiqKcted  to  enter  Sh^  Ctedt  in  measurable 
quantities. 

•  Benzene  concentrations  are  well  bdow  the  only  iqiplicable  standard. 
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Table 


idmaled  Worst-Case  Conoentratioiis  for 
Sb^  Creek  Diiriim  Low  Flow  Perkais 
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•  The  Gslcuhned  wont'Csse  the  oidy 

Alaska  amlhoe  water  crilerioa  by  more  ttnn  an  orier  of  magnitude  for 
gMoHne  and  JP-4,  and  by  a  foctor  of  5  for  diead. 

The  mediod  detecdon  limits  for  gascdine-.  JP-4-,  and  diesel-iange 
hydncaiboos  are  0.050  mg/L,  0.100  tog/L,  and  0.100  mg/L,  reflectively.  The  total 
hydiDcaibon  standard  of  0.015  mg/L  is  much  lower  than  any  of  these  method  detection 
limits.  This  diflerenoe  is  largdy  lefMosible  for  the  estimated  worst-case  coooentiations 
exceeding  the  standard  because  gasoline-  and  JP-4-range  bydrocaibons  were  only  detected  in 
2  of  11  sanqiles  considered,  and  the  diesel-range  hydrocarbons  were  delected  in  only 
1  sample.  Given  the  gup  between  the  method  detection  limits  and  the  current  standard,  it  is 
probably  not  reasonable  to  conclude  diat  total  hydrocarbon  concentrations  in  Sh^  Credc 
would  rise  to  levds  diat  pose  a  direat  to  aquadc  life  and  wildlife.  This  is  consistent  with  the 
results  of  die  ecological  risk  assessment  (Section  6.2). 

5.4.4  Airborne  Volatile  and  Futfeulate  hfigratkm  Pathways 

Contaminant  tranfiort  to  the  atmosjriiere  results  from  two  primary 
mechanisms;  volatilization  and  air  entrainment  of  contaminated  particulates. 

Vdladlizadon  from  contaminant  sources  and  windblown  dusts  is  eiqiected  to  be 
greatest  during  die  summer,  when  solar  radiation  is  at  a  peak,  and  ambient  soil,  ground¬ 
water,  and  surfooe  water  tenqiecBtures  rise.  Constituents  most  likely  to  volatilize  are  dioae 
with  vqior  pressures  greater  than  10^  mm  of  mercury  (Table  5-3).  Such  constituents  indude 
aromatic  hydrocarbons,  sudi  as  BTEX,  and  diiminated  sdvents,  such  as  TCE.  Volatili¬ 
zation  is  ea^ecled  to  be  greatest  where  feels  have  seeped  to  die  sur&ce  amis  m  readied  sur- 
fitoe  waters. 


» 


i 


»  • 
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Airborne  volatiles  near  building  foundations  or  in  basements  are  not  expected 
to  be  padiways  of  concern  at  OU  5  now  or  in  the  future  because  of  low  concentrations  of  • 

vdatiles  and  KmitwH  feture  building  sites  in  the  OU.  Soil  contamination  was  found  only  in 
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low  oiMocBtittiaiit  and  at  <kiMh  actf  the  froimdwittr  taUe  in  Oe  pqidiiie  ooRidor 
tVgndiflm  aubtfOtt  where  cofiem  buUdinga  aie  located.  The  groundwater  thnM^hmit  the 
OU  hna  voiidilea  oi^  in  die  low  parla-per-bUlion  lange,  and  aoil  gu  Wudiea  duiuig  die  RI 
diowed  few  ttcaa  where  volalifea  were  vendng  threi^  the  vadoae  mie  (aee  SectioB  4.1). 
The  Muff  area  ia  not  tikety  to  be  used  as  building  aitea.  Slope  feilure  occurred  aloag  the 
bhiffjiMt  west  of  OU  S  and  near  the  now  disposal  pond  during  die  Aiaska  eaidiqualoB  of 
1964.  Also,  much  the  area  between  the  Uuff  and  Sh^  Credt  is  unsuitdble  for  iMiUding 
because  standuig  water  and  areas  that  would  probdbly  be  delineated  as  wedands. 


Where  contaminaled  suifece  soils  are  exposed  or  not  covered  by  surfece 
v^etatkm,  contaminants  can  be  tranqwrted  as  windblown  dusts.  Contaminants  whidi  may 
migrate  as  dusts  are  diose  widi  a  strong  adsmptive  affinity,  such  as  PCBs,  metals,  and 
PAHs.  The  only  PCBs  detected  at  OU  S  were  in  a  single  sediment  sanq[>le  at  the  bottmn  of 
the  snow  disposal  pood;  they  are  not  likely  candidates  for  particulate  tran^ort. 

Air  is  not  eaqiected  to  be  a  significant  pathway  for  the  transport  of  volatiles  or 
contaminated  particulates  at  OU  5  for  the  following  reasons: 


The  primary  sources  are  tfaou^t  to  be  underground  jupelines  and 
therefore  are  not  directly  exposed  to  the  air  or  wind. 

S<m1  overburden  and  heavy  vegetative  cover  at  OU  5  will  restrict  vola- 
tilixation  to  the  air  and  {uevent  contaminated  soil  from  reaching  the 
surfece  as  particulates. 

Odd  temperatures  for  6  montiis  of  the  year  will  restrict  volatilization. 

Snow  cover  for  6  months  each  year  will  furtiier  limit  tran^xwt  of  sml 
particles.  Areas  below  die  bluff  are  saturated  or  moist  for  most  of  the 
test  of  the  year. 

Existing  field  rqiorts  and  interviews  with  base  peraormel  do  not  indi¬ 
cate  any  air  qua^  problem  related  to  die  su^wcted  sources. 
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Swrftoe  aoil  contaninitiott  at  OU  S  was  liniled  ia  are^  extent  and  magwtude. 
A  awftoe  aanple  (O'  to  2-foot  dq>di)  SB29  had  an  estimated  S  mg/kg  total  PAHs, 

6.1  ag/kg  (field  fod,  ud  both  lead  aad  barium  concentratioos  lUghdy  dxtve  badtground. 
The  ngfooc  coBtamiaatioB  at  SB29  ia  tyecwlated  to  be  limited  to  a  unall  area  of  nnfoce 
(tonping  (giaai  cottiogi).  Suffooe  adl  aanqfiea  (0-  to  1-foot  depth)  aear  aeq>  areas  Slj04, 
SL16,  SL19.  SL20,  and  SL29  had  diead  contamination  of  131, 49. 9.  2.  and  29  mg/kg, 
reqwctivdy.  Those  seep  area  aanqiles  also  slightly  exceeded  background  levds  for  one  or 
more  of  die  following  metals:  anenk,  barium,  cadmium,  duonuum,  sdenium,  and  silver, 
die  suifoce  soils  near  those  seqM  tend  to  have  high  twasture  contents  (13  to  76  percent 
moisture)  and  would  be  unlikdy  to  contribute  to  particulate  laoduction. 

Direct  air  sanqding  was  not  done  during  die  RI,  but  potential  air  exposures 
will  be  estimated  from  sutfooe  soii  and  surface  water  samides  concentratioos  in  Section  6.0. 
Data  from  direct  air  measurements  are  sddom  awilable  frnn  source  investigations  because 
measuring  air  vidatUes  and  contaminants  <»  particulates  is  a  complex,  expensive  endeavor. 
Odier  sources,  such  as  power  {dants  and  off4Mae  industrial  activities,  may  also  confound  data 
obtained  during  air  sanyling. 
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<.•  BASELINE  RISK  ASSESSMENT 

Hus  sectkm  pceients  the  results  of  die  besdine  risk  assessments  for  organisms 
potentially  ejqioaed  to  contaminants  in  OU  5.  The  overall  purpose  of  the  risk  assessments  is 
to  provide  a  qualitative  and/or  quantitative  iqipraisal  of  actual  or  potential  effects  of  con¬ 
taminants  on  humans,  other  animals,  and  plants  to  hdp  determine  whether  there  is  a  need  for 
remedial  action  (or  no  action)  and  to  he^i  determine  the  scale  of  a  remedial  action. 

A  tMsdine  risk  assessment  evaluates  potential  threats  to  public  health  and  the 
environment  in  absence  of  any  remedial  action  (the  no-action  alternative)  (EPA,  '  Q88a).  It 
identifies  and  chaiactetizes  the  toxicity  of  chemicals  of  potential  m  cem,  the  possible 
exposure  pathways,  the  potential  human  and  ecc’  )^cal  receptrvs,  and  the  upper  bound  on 
possible  risks  under  the  conditions  defined  for  the  fiuality. 

The  no-action  alteriuttive  assumes  that  no  ctnrective  actions  will  take  place  and 
no  restrictions  will  be  fdaced  on  future  uses  of  the  areas  currently  occupied  by  OU  5.  The 
basdine  human  health  and  ecrdogical  evaluations  address  potential  risks  from  OU  5  under 
current  and  reasonable  future  huid  uses.  Evaluation  of  this  no-action  alternative  is  required 
under  Section  300.430(d)  of  the  NCP  (EPA,  1990). 


6,1 


6.1.1  Introdoctioa 

This  section  presents  the  results  of  the  baseline  human  health  evaluation  for  the 
OU  5  RI/FS.  The  potential  pathways  for  human  exposure  cr-itaminants  at  OU  S  are 
shown  in  the  conoqitual  model  diagram,  Figure  S-3. 
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BUk  AacMBMOt  Gulduce 

This  bMdine  hunuui  health  evaluatioo  was  performed  in  aoondanoe  widi  the 
foUowiaf  guidaiioe  documents  and  advisories: 


•  Risk  Assessment  GuUeiUies  (EPA,  1986a,  1986b,  and  1986c); 

•  Exposure  Factors  Handbook  (EPA,  1989a); 

•  Risk  Assessment  Guidance  far  ^ipetfiind:  Volume  1,  Human  Health 
Evaluation  Manual  (Part  A)  (EPA,  1989b); 

•  ^/q^demental  Guidance  for  Supeifond  Risk  Assessments  in  Region  10, 
(EPA,  1991a);  and 

•  Human  Healdt  Evaluation  Manual,  Sigjplemental  Guidance:  Startdard 
Default  Exposure  Factors  (EPA,  1991b). 

This  assessment  is  based  on  the  following  nugor  assumptions: 
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»  • 


•  No  remedial  actions  have  been  cnr  will  be  conducted. 

•  There  is  potential  for  future  devdofunent  of  areas  currently  occiqned  by 
OU  5  unda  reasonable  assunqttions  of  future  land  use. 

•  For  die  purpose  of  risk  calculadons,  dmnical  concentratioos  are 
assumed  to  remain  constant  over  the  assumed  ejqwsure  periods. 

This  human  healdi  evaluation  is  based  on  chemical  analysis  of  surface  and 
subsurfooe  soils,  surfioe  water,  sediments,  and  groundwater  sanqdes  ctdlected  during  the  RI. 

<.1.U  Rqiort  OigaaiBriion 
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The  human  healdi  evaluation  for  OU  5  is  organized  into  six  sections: 
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•  Irtmrificafioo  of  chcmicih  of  ooooaa; 

•  Toaddty 

•  BqxMuve  Mifoinient; 

•  Risk  i^taracteriwMtiM' 

•  Uneemintifai  sad  assumplioas;  and 

•  SuiiiiDaiy  and  ooniparisoa  io  EPA  bendunaiks. 

Idcntificatioo  oS  die  chemkala  of  concen  is  based  on  the  conceptual  site 
model,  sampling  and  analysis  data,  background  ooocentiatioos  of  the  diemicals  detected, 
envirooinenlal  tran^nrt  and  fide,  nature  and  extent  of  contaminadon,  and  the  toxicology  of 
die  chemicab  detected. 

The  toxicity  assessment  invedves  gadiering  die  available  toxicology  infemnadon 
r^andng  die  diemicals  or  concern  to  answer  two  quesdons: 

•  What  adverse  health  effects  are  associated  with  esqxisure  to  the 
chankals  of  concern? 

•  What  level  of  exposure  is  associated  with  the  occurrence  of  advose 
health  effects? 

The  toxicity  information  gadiered  indudes  quantitative  toxicity  estimates  that 
die  EPA  has  developed.  Hiese  estimates  are  cdlectivdy  known  as  toxicity  values  and 
usualty  include  reference  doses  for  assessing  noncancer  effitets,  and  cancer  slope  fitetors  for 
asacasing  the  tide  of  cancer. 

The  objective  of  the  caqiosore  assessment  is  to  assess  the  potential  routes  of 
exposure,  and  the  fimpiency,  duntion,  and  magnitude  of  potential  exposures  to  die  chemicals 
ofcoaoera.  The  resi^  of  die  ettyosme  assessment  is  usually  a  qiiantitative  estimate  of  die 
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level  of  caqKMUie.  Iliis  infbmurtion  ii  oondnaed  widi  the  iceolts  of  the  toxicity  asaessment 
to  devdop  the  liak  chaiacteriatkm. 


m 
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The  ohyective  of  die  risk  charaderizatioii  aectioo  is  to  qualitatively  and 
quantiiatlvdy  characterize  the  risk  of  developiiig  noncanoer  advene  effects  or  cancer  in 
potential  reoepton  exposed  to  the  chemicals  of  oooceni  under  conditions  specified  in  the 
eqxMore  assessment  The  risk  of  developing  noncancm  effects  is  estimated  by  the  hazard 
index  method  sriierein  the  estimated  daily  intake  of  a  chemical  is  oonqiared  to  the  reference 
dose  for  that  chemical.  The  risk  of  devdoping  cancer  is  estimated  by  calculating  the  excess 
lifetime  cancer  risk,  which  is  the  product  of  die  estimated  daily  intake  of  a  chemical  and  the 
cancer  slope  factor  for  that  chemical. 

The  section  on  uncertainties  and  assumptions  describes  die  basic  assumptions 
used  in  the  risk  assessment  and  limitations  of  data  and  methodology. 

The  final  section  summarizes  die  results  of  the  human  bealdi  evaluation. 

i4>P>'a*di  to  RU  Estimate  CalcuIntioiiB 

A  two-phased  qiproach  is  used  to  calculate  risk  estimates  for  the  exposure 

psdiways: 


•  Phase  I:  Mudnus  Screen.  Fbr  each  padiway,  the  maximum  concen¬ 
tration  for  carii  diemical  (ritewide  or  within  a  stiidy  subarea)  is  used  as 
the  exposure  ooncentiation  to  calculate  a  risk  estimate  using  reasonable 
maximum  cqiosure  assuntytions.  If  the  estimated  hazard  index  for  the 
noncanoer  health  evaluation  is  less  than  1  and  the  lifetime  excess  cancm 
risk  is  fen  dian  1  x  10^  (one  in  a  miliion)  die  evaluation  is  considered 
conqdele. 

•  Phase  n:  Banettae  Risk  AaMSsasari.  For  each  padiway  that  is  not 
cjiminatBri  through  die  maximum  screening  cakulations,  risk  estimates 
are  catetilaled  using  both  the  aridunetic  average  (Average  Case)  and  die 
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95%  oppar  confidence  limit  on  die  arithmetic  avenpe  (Reaaonable 
Maximum  Caae)  as  caqxMure  concentrations. 

The  phased  mproadi  has  the  benefit  n^iidly  screening  out  pathways  of  low 
risk  to  hmnan  heaUfa.  The  maximum  screen  is  a  conservative  appnadh,  and  risk  estimates 
for  pathways  genended  by  using  the  averaging  statistks  of  the  baseline  risk  assessment  can 
be  eqtected  to  be  even  lower.  This  qiproach  follows  EPA  guidance,  which  stales: 

FOr  some  sites,  where  a  screening  kvd  analysis  is  regarded  as  sufficient  to 
diaraclerize  potential  ei^osores,  calculation  of  the  iqiper  confidence  limit  on  the  arithmetic 
average  is  not  required.  In  diose  cases,  the  maximum  detected  or  modeled  concentration 
should  be  used  as  the  eiqmsure  ooncentradon  (EPA,  1989b,  p.  6>22). 

The  criteria  diosen  to  trigger  die  basdine  risk  assessment  are  also  based  on 
EPA  guidance.  The  EPA  uses  the  general  1(1^  to  10^  excess  lifotime  cancer  risk  range  as  a 
"target  range*  widiin  whidi  the  agency  strives  to  manage  risks  as  a  part  of  a  CERCLA 
deanup.  A  noncancer  hazard  index  greater  dian  1  can  also  trigger  management  decisions 
(EPA,  1990,  1991c). 

d.l  MrailficatiMi  of  Chnsikals  of  Conceni 

Ihe  results  of  die  diemical  analyses  of  soil,  sediment,  groundwater,  and 
surfoce  water  sanqdes  collected  fmn  OU  3  were  evaluated  to  determine  whether  the  analyses 
were  valid  and  useful  for  risk  assessment  Data  validation  procedures  are  described  in 
Section  2.3  of  dus  rqwrt 

Onty  EPA  Levd  ni  (CLP  equivalent)  laboratory  data  are  used  in  the  human 
healdi  risk  assessment  The  fidkl  screening  (EPA  Levd  IQ  data  obtained  during  soil  gas  and 
groimdwtter  probe  studies  are  not  used  in  the  evaluation. 


Dutu^  dua  validatioB,  the  data  woe  leviewad  to  eliminate  leaults  that  mi^ 
wpreacat  ooiilamination  of  sanyka  in  the  labotatory  or  in  the  fidd  or  that  failed  to  meet 
quality  oootrol  guiddines  (for  esuntyle,  inauffideat  sunofale  ^ike  recovety). 
results  (itata  with  a  J  qualifier)  that  met  data  validation  requirements  were  considered  usable 
for  risk  assessment  (EPA,  1989t>). 

Qiemicals  detected  in  the  samples  coUected  fiom  OU  5  were  identified  as 
chemicals  ooncem  for  the  evaluatioo  of  human  health  risk  baaed  on  the  following  criteria: 


Positively  detected  at  least  once  in  at  least  one  medium  (soil,  sediment, 
groundwater,  or  sutfooe  water)  sanded  at  OU  S. 

At  least  one  detection  exceeded  badiground  criteria  described  in 
Sections  4.2  and  4.3  This  criterion  was  tqjfdied  only  to  total  metals 
because  background  concentrations  were  not  available  f<v  organic 
conqwunds.  Total  metals,  not  disscrived  metals,  in  groundwater  were 
used  in  the  human  health  risk  assessment. 


The  dmmicals  foat  met  eidier  or  both  of  these  criteria  were  designated  as 
chemicals  of  ooncem  and  are  listed  in  Table  6*1  by  the  medium  in  which  they  were  delected. 
The  chemicals  of  concern  were  dien  grouped  by  study  subarea,  as  described  in  Section  4,  for 
exposure  assessment  and  risk  characterization.  Data  summaries  for  the  chemicals  detected  in 
soil,  sediments,  groundwater,  and  surface  water  are  presented  in  Section  4. 

Taadcity  AaeamMat 

The  purpose  of  foe  toxidty  assessment  is  to  weigh  foe  available  evidence 
raiding  the  potential  for  particular  contaminants  to  cause  adverse  effects  in  eaqioaed 
individuab  wad  to  provide,  ufoere  possible,  an  estimate  of  foe  relationahip  between  foe  extent 
of  exposure  to  a  corttaminant  and  foe  increased  likelihood  or  severity  of  adverse  ^focts. 
Toxidty  assessment  for  contaminants  found  at  Sityerfimd  sites  is  generally  aoctnitylished  in 
two  siqM:  hazard  identification  and  dose-reapoose  assessment. 
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Hie  first  slq>,  hazard  kkndfic^ian  is  the  process  of  detennining  whether 
eaposme  to  an  agent  can  cause  an  increase  in  the  inddnce  of  a  paiticuiar  adverse  healdi 
effect  (for  exanqrie,  cancer  or  a  bifdi  defect)  and  whether  the  adverse  health  effect  is  likely 
to  occur  in  humans.  Hazard  identification  involves  characterizing  the  nature  and  strengdi  of 
the  evidence  of  causation.  The  second  step,  dose-response  evaluation,  is  the  process  of 
quaittitatively  evaluating  die  dmeity  information  and  characterizing  the  relationship  between 
die  dose  of  the  contamimuit  administered  or  received  and  the  incidence  of  adverse  health 
effects  in  die  esqwaed  population.  From  this  quantitative  dose-re^wnse  relationship,  toxidty 
values  (such  as  reference  doses  and  slope  factors)  are  derived  diat  can  be  used  to  estimate  the 
inddence  or  potential  tor  adverse  effects  as  a  fiinction  of  human  eaqiosure  to  the  chemical. 
These  toxidty  values  are  used  in  the  risk  characterization  stq>  to  estimate  the  likelihood  of 
adverse  effects  occurring  in  humans  at  different  exposure  leveb.  EPA  has  performed  the 
toxkity  assessment  step  for  many  diemicals  and  has  made  available  the  resulting  toxidty 
information  and  toxidty  values,  most  of  which  have  undergone  extensive  peer  review. 

d.1.3.1  Hazard  MentfHcatfcm 

For  assessing  human  health  rida,  healdi  dfects  are  divided  into  two  broad 
groiqis— noncanoer  effects  and  cancer.  This  division  is  based  on  the  different  medianisms  of 
action  currently  associated  with  eadi  category.  Thus,  for  diis  assessment,  chmnicals  causing 
noncancer  effects  are  handled  indqiendently  from  those  having  cancer  effects.  However, 
some  chankals  are  considered  in  both  categories. 


Noncancer  health  ^fects  indude  a  variety  of  toxic  effects  on  body  systems 
ranging  from  renal  toxidty  (toxidty  to  die  kidney)  to  central  nervous  syston  disorders. 
Noncancer  health  effects  fidl  into  two  basic  categories:  acute  toxicity  and  chronic  toxidty. 
Acute  toxicity  can  occur  after  a  single  eiqiosure  (usually  at  high  doses)  and  die  dfect  is  most 
(dten  seen  immediately.  (Chronic  toxidty  occurs  after  rqieated  exposure  (usually  at  low 
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doMt)  and  is  aeea  weda,  moittte,  or  yon  after  the  initial  eaqxMiae.  Ndocancer  ^fects,  in 
oootiaat  to  cancer  dfiects,  are  aasumed  to  result  only  after  a  critical  levd  of  eqMsure  (a  toxic 
thicsIiokO  is  exceeded.  It  is  believed  that  organisms  may  have  adqnive  dun 

must  be  overcome  befbre  a  toadc  em^nint  (eflbct)  is  manifested.  The  iwncanecr  effects 
observed  in  toxiodogy  studies  of  the  chemicals  ai  concern  at  (KJ  S  are  presented  in  Tabks 
6*2  Mid  6*3. 

Some  chemical  exposures  result  in  or  ate  su^iected  of  resulting  in  cancor. 

EPA  as  developed  a  cardnogen  classification  system  (EPA,  1986ia)  using  a  weight-of> 
evidence  qiproadi  to  classify  the  likelihood  that  a  chemical  is  a  human  carcinogen. 
Information  coosideted  in  developing  the  classification  includes  human  studies  of  the 
association  between  cancer  inddence  and  eaqiosure,  as  wdl  as  long-term  animal  studies  under 
controlled  laboratory  conditioos.  Odier  si^porting  evidence  considered  includes  short-term 
tests  for  genotoxicity,  metabdic  and  pharmacddnetics  propmties,  toxicological  effects  other 
dian  cancer,  structure-activity  relationships,  and  physical  and  chemical  properties  of  the 
diemical. 

The  weight-of-evidence  classification  (Table  64)  is  an  attempt  to  account  for 
die  unoertainfy  in  the  evidence  of  carcinogenicity.  The  evidence  is  characterized  sqparatdy 
for  human  studies  and  animal  studies  as  sufficient,  limited,  inadequate,  no  data,  or  evidence 
of  no  effect 

€.13:1  Dese-Rcapense  Evalaatim 

The  devdopment  of  toxicity  is  dqiendent  on  the  dose  of  a  chemical  and  the 
route  of  administtation  or  eaqxMure.  The  dose-reqxmse  rdationship  is  a  qualitative  or 
quantitative  eqmssaon  of  die  reaponse  observed  in  a  test  population  of  eidier  humans  or 
odier  animals  at  a  given  dose  or  range  of  doses.  Tmdcity  values  are  quantitative  oqnessions 
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Oral  Rdbrence  Dose  Values  for  the  Chemicals  of  CoiKem  at  OU  5 


KcTfrcac* 

Sow 

(aig/kt/dt7> 


Soionoi^. 


Cridcol  Effoct 


UI* 


Mr 


{•BIS' 


AntuBOBy 


0.0004 


DUS 


Loofevity,  Mood 
glucoM,  and 
cholaaterol  affecta 


1.000 


Low 


0.0003 


DUS 


Keratoaia  and 
hyperpigmenlatioa 


Medium 


0.07 


DUS 


Incieaaed  Mood 


Medium 


Beayllium 


0.00S 


DUS 


No  advene  effecta 


100 


Low 


Bia(2-ediylhexyl) 


0.02 


DUS 


Incfeaaed  relative 
liver  wejfht 


1.000 


Medium 


Bom 


0.09 


DUS 


Teaticular  leakma 


100 


0.0014 


DUS 


Eiudidial 
hypeiplaaia  of  the 


1.000 


Medium 


0.0005 


DUS 


SigmfiGaot 


10 


Hi^ 


Chnimpim  Od 


DUS 


No  effecta  obaerved 


100 


10 


Low 


Chromium  VI 


0.005 


DUS 


No  effecta  reported 


500 


Low 


Copper 


0.037* 


HEAST 


Local 

gaatromteatmal 

initatiaa 


1.1-Di 


0.1 


HEAST 


No  effecta  reported 


1.000 


1.2-Dkfelaao- 


0.02 


DUS 


lucreaaed 


1.000 


Low 


0.0042* 


MEMO 

1/92 


Kidney  effecta 


3.000 


Low 


Dt-»liiiQdpbliialiW 


0.1 


DUS 


Mortality 


1000 


Low 


Diedij^Miaiato 


0.8 


DUS 


Decreaaed  growdi 
rata  and  fbod 
conaumptioa  and 
altered  orpn 
weigbla 


1.000 


Low 
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Table  6-2  0 


(Coittuiiied) 


fm  1  ml  111  ^ 

UMMPMNI 

^1^^  (KRQ 

** - 

CritiaasffiKt 

131* 

Mr 

CdnfUhispK 

inlfDif 

Elkj^bcune 

0.1 

IRIS 

Liver  tad  kidiiey 
toxicity 

1,000 

1 

Low 

0.04 

DUS 

Nephropediy. 
inneseed  liver 
weirds, 
hea^ological 
cfaeofee,  and  cliaical 
effccti 

3,000 

1 

Low 

FlnanM 

0.04 

nus 

Decieeeed  red  Mood 
cells,  packed  cell 
votmne.  end 
heoioglobia 

3,000 

1 

Low 

Fhnrid* 

0.06 

mis 

Denial  Phioiaeia 

1 

1 

JP-4 

0.08^ 

EPA 

Fatty  changes  in 
liven  of  female 
mioe 

1 

Low 

0.1 

mis 

Cential  nervous 
system  effects 

1 

1 

Medium 

MflRuy,  iaottMiic 

Kidney  effects 

1 

— 

4-MalMFteol 

0.05 

Decieaaed  wct^ 
gain  and 

neurotoxicity 

1 

Medium 

MotybdaRiB 

0.005 

HEAST 

Increesed  uric  acid 
pain  and  swelling  in 
j<wits 

H 

■ 

— 

MiyhlliriMi 

IIIIIIIIIQQI^ 

HEAST 

Decreased  body 
weight  gain 

1 

- 

Miom 

HHIIIIIQQI^ 

mis 

Decreased  body  and 
organ  weights 

3 

Medium 

Ifitme 

1.6 

mis 

Early  clinical  signs 
of 

in  excess  of  10% 

(0-3  months  <dd 
infents  formula) 

1 

1 

3 
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(Continued) 


Bcrcrcnce 
Don  (RfD) 
(Ng/kl/dqr) 

Soum^ 

Critical 

DI* 

Coendence 

iaW 

PfcMWl 

0.6 

IRIS 

OeenoMd  fttal 
wetght  ia  rati 

100 

1 

Low 

Pynw 

0.03 

HUS 

Kidaey  affects 

3.000 

1 

Low 

Saiwni 

0.005 

nus 

Ginkal  aeleaoau 

3 

1 

High 

Sihwr 

O.OOS 

ous 

Aifyiia 

3 

1 

Low 

TTHOienl 

0.008* 

EPA 

Fatty  diaagw  ia 

UveiB  of  feioale 
mica 

10.000 

1 

Low 

TFHOm 

0.2* 

EPA 

Reduced  body 
weigkt  gaia  ia 
feaMleaaoe 

1.000 

1 

Low 

TbiOram  (totnlil*  alta) 

0.00007 

HEAST 

lacreaeed  SOOT  end 
eeniai  LDH  levris, 
alopecia 

1 

— 

Totnow 

0.2 

IRIS 

Chngee  ia  liver  aad 
kidney  weiglita 

1 

Medium 

l.l.l'Tfichloroedaae 

0.09 

HEAST 

Ibpatotoxicity 

lo 

1 

— 

Vaadnan 

0.007 

HEAST 

Noae  observed 

100 

1 

— 

XylcoM 

2 

IRIS 

Hyperactivity, 
decraaeed  body 
v'«ei(ht  and  iacreeaeL 
oioitality  (aiales) 

100 

1 

Medium 

Ztae 

0.2 

HEAST 

Aneinia 

10 

B 

- 

(EPAI992*) 
SuMMjr  TtMw-AnoMl 


(BFA  19934.  fer  d  ekMiMi  MMf«  dMUBiiV  VA  imt 


*  CobMimiIaM)  M  wpotMd  hi  IMS. 

*  iMdwiMtoMiMridagwMccMiadMdof  lJa(/L. 

*  8w— »;  mnniBAini  from  Kfdi  Mritr.  PA.  la  KB  Pmm.  DBQ,  oa  fca.  34. 1992. 

e  vsIm  kwid  os  ■iofcil'niBMb  Mfeb* 

^  bid.  tWiii ;  Mtwomidiia  ftoi  Jo*m  DoUitfcMt,  Sinrihd  HmI*  Kid  Ttcjatal  9fro«t  C«Hr  W  Cwol  Sw— ty, 

VAldiMlO«MMck34. 1993. 
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Table  ^3 


Inhalation  Refenmce  Cmicentntfions  for  the  Clmnicals  of  Concern  at  OU  5 


SsHraf 

CrillarilElliect 

i 

HEAST 

Felotoiicity 

^^9 

1 

— 

Trivakot 

HEAST 

Nani  naicoaa  atrophy 

300 

1 

- 

Hasavalcat 

dtrooiiim 

0.000002 

HEAST 

Naaal  mucoaa  atrophy 

B 

1 

- 

1.1- 

Dkhlotoetliaiie 

0.5 

HEAST 

Kidney  damage 

1 

- 

Ethylhenzene 

1 

HUS 

Developmental  toxicity 

300 

1 

Low 

Manfaiieae 

0.0004 

nus 

Increaaed  jnevalence  of 
reapifatory  symploma  and 
paychomotor  diatuihancea 

300 

3 

Medium 

Mercufy 

(iacMiaiiic) 

0.0003 

HEAST 

Neufotoxicity 

30 

1 

- 

Tohicae 

0.4 

HEAST 

Centnl  netvoua  ayaton 
effecta  and  eye  and  noae 
irritatioa 

300 

1 

— 

1.1,1- 

Tikhlocoeduiie 

1 

HEAST 

Hepatotoxicity 

1.000 

1 

- 

XykOM 

0.3 

HEAST 

Central  nervoua  ayatem 
eflecta  and  noae  ^ 
throat  iirilatioa 

100 

1 

— 

SOHOM  oC  >**■"}* 

wm  hmgnmi  wm  hrfhi^na  SyiiMi  (^A  199U). 

HBAIT-Hnllk  MMi  AMMaMM  SaaaMy  TtMw-AaoBal  SuBouy  (EPA  I992d,  fat  ill  ektakai*  •KM9I  hunvaint  chromium; 
ETA  IWlt  far  hMmmlit  rfatimim). 

^  TIT  riwlriilj  farlnt 

*  MF-Motfiyi^lMor. 

*  Corfilwf  I  hi  MC  m  ttfomt  !■  M. 
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Table  6-4 


Cardnogen  Wdgbt-of-EvideiiGe  Classifkatkm  Schane 


SoDR*:  BPA  19t9b 
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of  die  doso-reqwnae  idi^onship  for  a  dKmical.  These  values  are  expressed  as  noocanctf 
idhrenoe  doses  (RfDs)  and  cancer  slope  Actors,  both  of  which  are  affected  by  exposure 
routes. 


Two  primary  sources  of  critical  toxicity  values  were  used  for  this  assessmoit. 
The  primary  source  was  IRIS  database  (EPA,  1992e),  the  EPA  rqxMitory  of  agencywide 
verified  toxicity  values.  If  a  toxicity  value  was  not  available  through  IRIS,  then  the  latest 
available  quarterly  update  of  die  HEAST  issued  by  the  Office  of  Research  and  Development 
(EPA,  1992d)  was  used  as  a  secondary  source.  Fw  some  chmnicals  detected  at  OU  S,  no 
toxicity  value  from  IRIS  or  HEAST  was  avaUabte,  and  toxicity  values  were  provided  by 
R^on  10  as  provisional  RfDs. 

Referenoe  Doses  for  Ntmcancer  Effects 


i 


i 


i 


» 
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The  toxicity  value  describing  die  dose-reiponse  relationship  for  noncancer 
effects  is  the  RfD.  The  qiparent  toxic  dueshold  value  is  used  by  EPA,  in  conjunction  with 
uncertainty  fsctins  based  on  the  stmgth  of  the  toxicological  evidence,  to  derive  an  RfD. 

The  EPA  RfD  Work  Group  (EPA,  1989e)  defiiKs  an  RfD  as  follows: 

In  general,  die  RfD  is  an  estimate  (widi  uncertainty  q»nning  perhaps  an  order 
of  magnitude)  of  a  daily  exposure  to  die  human  population  Oncluding  sensitive  subgroiqis) 
that  is  likely  to  be  without  an  qiptedable  risk  of  deleterious  effects  during  a  lifetime.  The 
RfD  is  generally  eaqmsaed  in  units  of  milligram  per  kilogram  of  body  weight  per  day 
(mg/kg/day). 


RfDs  are  developed  based  on  studies  of  laboratory  animals  or  humans. 
Briefly,  a  ncMibaerved-^fects-levid  (NOAEL)  or  kmest-observed-effects-level  (LOAEL)  is 
identified  in  a  study  that  is  consideted  of  sufficient  quality  to  siqppnt  an  RfD.  The  NOAEL 
or  LOAEL  is  dm  divided  by  uncertainty  fiKtors  to  account  for  the  use  of  a  LOAEL  if  a 
NOAEL  is  not  available,  data  from  a  suhchronic  study  if  a  chronic  study  is  not  available. 
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wi^ility  in  toricologicai  reaponaes  between  animals  and  humans,  and  the  variability  in 
toodctdogical  re^wnses  between  humans.  Modifying  factors  are  amnetimes  used  to  account 
for  the  quality  of  tibe  toxicological  infitmnation  available  for  a  given  chemical.  Finally,  die 
confidence  level  of  the  EPA  wc^  group  that  reviewed  the  development  of  the  RfD  is 
rectnded  as  low,  medium,  or  high.  The  RfD  value,  critical  effect,  uncertainty  £act(», 
modifying  factor,  and  confidence  level  are  rqxnted  for  the  chemicals  of  concern  at  OU  S  in 
Table  6-2. 

Some  of  the  RfDs  listed  in  the  HEAST  update  (Health  Effects  Assessment 
Summary  Tables  [EPA,  1992d])  have  not  yet  been  verified  by  the  EPA.  This  assessment 
uses  die  tom  RfD  to  describe  both  EPA-veiified  and  unverified  critical  toxicity  values  for 
noncancer  effects.  RfDs  for  some  inorganic  compounds  are  for  qwdfic  forms  such  as 
hexavaknt  versus  trivalent  chromium.  Yet  in  most  cases,  the  contract  laboratory  program 
(CLP)  analyses  do  not  report  concentrations  of  qiecific  forms,  but  rather  give  results  in 
terms  of  total  inorganic  chemical.  In  such  situations,  it  was  assumed  that,  unless  otherwise 
known,  the  most  toxic  form  is  present  and  its  RfD  was  used.  For  the  inhalation  pathway, 
the  threshold  toxicity  value  for  noncancer  effects  is  termed  the  inhalation  reference 
concentration  (RfC).  RfCs  are  developed  under  methodology  similar  to  that  for  RfDs.  The 
RfCs  for  the  chemicals  of  concern  at  OU  5  are  listed  in  Table  6-3. 

Cancer  Slqie  FacUMTS 

The  dose-req[K)nae  relationship  for  cancCT  effects  is  usually  eqnessed  as  a 
cancer  slope  ftctor  diat  converts  estimated  exposures  direcdy  to  incremental  lifetime  caaca 
risk.  Slope  figtors  are  presented  in  units  of  risk  per  level  of  exposure  (or  intake). 

Toxicity  values  for  carcinogenic  effects  also  can  be  expressed  in  terms  of  risk 
per  unit  conceatcation  of  the  substance  in  the  medium  where  human  contact  occurs.  These 
measures  are  called  unit  riria,  and  the  standard  duration  is  continuous  lifetime  exposure. 


BhiMdorfABI  OU  5  MffS  lUpoit  6-18 


•  ••••••• 


i 

€ 


•  « 


The  data  used  isx  estimating  the  dose-iesponae  relationship  are  taken  from 
lifedme  animal  studies  or  human  occupational  or  qndemiological  studies  where  excess  cancer 
risk  has  been  associated  with  exposure  to  die  diemical.  However,  because  risk  at  low  intake 
levels  cannot  be  direcdy  measured  in  animal  or  human  qridemiological  studies  (EPA,  1987), 
a  number  of  madiematical  modeb  and  procedures  have  been  devdoped  to  extrapdate  frmn 
the  high  doses  used  in  the  studies  to  die  low  doses  tyincally  associated  with  environmental 
eiqwsures.  The  model  choice  leads  to  uncatainty.  EPA  assumes  linearity  at  low  doses  and 
uses  the  linearized  multistage  procedure  when  uncertainty  exists  concerning  the  mechanism  of 
action  of  a  carcinogen  and  when  information  suggesting  nonlinearity  is  absent.  Thus,  it  is 
assumed  that  if  a  cancer  reqwnse  occurs  at  the  dose  levels  used  in  the  study,  there  is  some 
probability  diat  a  re^xmae  will  occur  at  all  lower  exposure  levds  (that  is,  a  dose-reqxmse 
relationship  with  no  threshold  is  assumed).  Moreover,  the  dose-re^onse  slope  chosen  is 
usually  the  upper  confidence  limit  on  the  dose-response  curve  observed  in  the  laboratmy 
studies.  As  a  result,  diere  is  uncertainty  and  conservatism  built  into  the  EPA  risk 
extrqxdation  iqpproach.  EPA  has  stated  that  cancer  risks  estimated  by  this  method  produce 
estimates  that  'provide  a  rough  but  plausible  upper  limit  of  risk.”  In  other  words,  it  is  not 
likely  that  die  true  risk  would  be  much  more  than  the  estimated  risk,  but  *die  true  value  of 
the  risk  is  unknown  and  may  be  as  low  as  zero”  (EPA,  1986a).  The  cancer  slope  factors  and 
unit  risks  used  in  this  assessment  are  summarized  in  Table  6-5. 

Lead  is  classed  as  a  B2  carcinogen  by  EPA,  but  no  cancer  slope  factor  or  RfD 
has  been  established.  For  the  purposes  of  dus  human  healdi  evaluation,  a  soil  concentration 
of  S(X)  mg/kg  is  used  as  a  levd  of  concern  for  lead.  This  value  is  based  on  use  of  the  EPA 
uptake  bkddnetic  (UBK)  model  to  inedict  blood  lead  levels  in  a  potentially  ejqwsed 
population.  Using  die  UBK  model,  and  assuming  a  benchmark  of  95%  of  the  sensitive 
population  has  blood  lead  levels  below  10  /ig/dL,  EPA  has  stated  that  a  value  of 
qiproxiiiiatdy  500  ppm  is  predicted  as  an  aocqNable  level  (EPA,  1991e).  The  highest  level 
of  lead  detected  in  soil  samides  at  OU  5  was  206  mg/kg. 
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Table  6-5 


Cancer  Slope  Factors  for  the  Chemicals  of  Concern  at  OU  5 


CMed 

Oral  Route  of  Expoom 

pb^ 

opurar 

ErMeocfB 

tMllhfc 

OnArf)”* 

Sourod* 

Antaie 

A 

2 

b 

A 

0.0043 

DUS 

Bowm 

A 

IRIS 

A 

IRIS 

Bcaa)(a)n^iraocae 

B2 

7.3 

c 

B2 

C 

Beazo(b)fluofintlieiie 

B2 

7.3 

c 

B2 

0.0017 

c 

Bcaao(k)flttOfiatiieiie 

B2 

7.3 

c 

B2 

0.0017 

c 

Bcaxo(i)pynDB 

B2 

7.3 

DUS 

B2 

0.0017 

HEAST 

B2 

4.3 

DUS 

B2 

DUS 

B2 

0.014 

B2 

DUS 

P-aAimnm 

•• 

B1 

0.0018 

DUS 

Cubaaile 

B2 

HEAST 

B2 

«. 

Hexavakot  Quomhim 

— 

•• 

A 

0.012 

DUS 

B2 

*  7.3 

c 

B2 

0.0017 

c 

DilMa2(«,h)antlinnene 

B2 

7.3 

c 

B2 

0.0017 

c 

1,1-Didiloroediaie 

C 

DUS 

C 

•• 

HEAST  1 

1,2-Dicliloroediaiie 

B2 

0.091 

IRIS 

B2 

1 

IRIS 

IiideBo(l,2,3-Gd)pynoe 

B2 

7.3 

c 

B2 

0.0017 

c 

Ltad 

B2 

— 

DUS 

B2 

HEAST 

N-Nitwaodipheoylmiiie 

B2 

0.0049 

DUS 

B2 

•• 

HEAST 

Poiycliloriiiited  bipheoyls 

B2 

7.7 

B2 

•• 

HEAST 

l,l>2,2-T«tiacido(oedHii0 

C 

0.2 

IBS 

B2 

O.OOOOS8 

DUS 

Tetnchlonwtlqieo^ 

B2 

0.051 

HEAST 

B2 

HEAST 

TFHGaB* 

C 

EPA* 

•• 

«• 

TikUoraedmicf' 

B2 

0.011 

B2 

HEAST 

*  SoanMofMHfeiqr  vakMt: 

—  IHniilil  IJA  lidbraMiim  SyiM  (EPA  199U). 

HBAIT-HhMi  BlfccW  AaMMBMl  Swnnuy  TablM-Aanial  lummiiy  QBFA  I992d). 

*  Wmti  «■  Ekfc  AimiMil  ConMa  uainiifc  ef  5»ia»  (w^)  '  (BPA  I9«h). 

*  lMi<  vm  fcwpQijfyi— ■. 

*  WMilwwftBW»B.Vilu»pftviomlyli*»diaHBA5TinM»d. 

*  RnwWoMil  Wkof^  Ficlor.  SaatM:  Mmionadvm  from  lou  DoBifUd*,  Sapwted  HMdft  lUA  Twbaieat  Suppoit  Cantor  to  Caroi 
*MMqr.  UJ.  BPA  lagiM  10.  Mnck  24, 1992. 
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Tbe  EPA  has  set  an  MCL  goal  for  lead  in  drinking  water  at  aero.  An  MCL 
for  lead  in  drinking  water  does  not  currently  exist,  and  has  been  iqdaced  by  a  treatment 
technique  requirement.  Treatment  tedinique  requirements  are  triggered  when  die  action  level 
of  O.OIS  mg/L  lead  is  exceeded  at  the  consumer’s  tap.  During  the  RI,  no  lead  was  detected 
in  die  lower  aquifer  siqif^y  wells.  The  maximum  level  of  lead  detected  in  the  ujqier  aquifer 
monitor  wells  in  the  December  1992  sanqding  event  was  0.0032  mg/L. 

6.1.3.3  Toxicology  Uncertainty 

Uncertainties  in  the  toxiodogical  inftmnadon  available  can  influence  the 
outoMne  of  the  risk  assessment  and  the  reliability  of  risk  managemoit  decisions.  The 
toxidty  values  used  for  quantifying  risk  in  this  assessment  have  varying  levels  of  confidence 
that  wiU  affect  the  usefulness  of  the  resulting  risk  estimates.  The  level  of  uncertainty  for 
RfDs  and  RfCs,  judged  by  EPA  baaed  on  uncertainty  factors  and  modifying  fectors,  k  listed 
in  Tables  6-2  and  6-3  for  the  OU  5  chemicals  of  concern.  For  those  chemicals  suq)ected  of 
resulting  m  cancer,  uncertainty  is  m  part  expressed  in  terms  of  the  EPA  weight-of-evidence 
classification,  listed  in  Table  6-4.  As  previously  stated,  the  models  used  to  extrapolate 
toxicological  information  between  ^tecies,  doses,  and  exposure  durations  also  contribute  to 
the  unootainty  in  the  outetmie  of  the  risk  assessmoit. 

6.1.4  Exposure  AasMsment 

The  objective  of  the  eiqxMure  assessment  is  to  estimate  the  type  and  magnitude 
of  e3q;x)8ures  to  foe  chmnicals  of  potential  concern  that  are  present  at  or  are  migrating  from  a 
site.  BjqxMute  is  defined  as  foe  contact  of  an  organism  (humans  in  the  case  of  health  risk 
assessment)  wifo  a  dmnical  or  physical  agent.  The  magnitude  of  mqxMure  is  determined  by 
measuring  or  estimating  foe  amount  of  an  agent  available  at  the  exdumge  boundaries  (for 
examf^,  foe  lungs,  gut,  or  sldn)  during  a  ^weified  time  period. 
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Siqwtfund  cxpomut  assessments  are  generally  concerned  widt  current  and 
future  eaqtosures  to  site  contaminants.  Estimates  of  current  exposures  can  be  based  on 
measumnents  or  models  of  existing  conditkms;  diose  of  future  exposures  can  be  based  on 
models  of  <v  assumptions  r^arding  future  conditions.  The  exposure  assessment  for  OU  5  is 
baaed  on  die  conoqitual  site  model,  as  exiriained  in  Section  S,  the  potential  exposure 
pathways,  the  potential  recqMors,  and  the  estimation  of  the  potential  daily  chemical  intake 
from  exposure  to  contaminated  media. 

An  exposure  pathway  is  the  means  by  which  a  chemical  moves  from  a  source 
to  a  receptor,  which  is  a  potentially  exposed  tnganism.  A  compile  exposure  pathway  has 
five  elonents: 


Chemical  source; 

Mechanism  for  chemical  release  (1^«  spiU<  volatilization,  process 
emission); 

Environmental  tramport  medium  (groundwater,  surf^  watm*,  air,  bulk 
fdiaae  tran^xirt,  etc.); 

Exposure  point  (recqitw  loca^on);  and 

Route  of  ejqxMure. 


»  • 


Ejqxisure  may  occur  when  chmnicals  migrate  ftom  their  source  to  an  exposure 
pmnt  (a  location  where  reoqnors  can  come  into  contact  widi  the  chemicals)  or  when  a 
receptor  moves  into  direct  contact  with  chonicals  or  contaminated  media  close  to  the  source. 
An  eiqxisore  padiway  is  ccniqiiete  (there  is  exposure)  if  there  is  a  way  ftv  the  recqitor  to  take 
in  diemicals  through  ingestion,  inhalation,  or  dermal  absorption.  No  exposure  exists  (and 
dierefore  no  risk)  unless  the  exposure  pathway  is  complete.  This  is  an  inqxirtant  requirement 
in  die  risk  assessment  process. 
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^  i.1.4.1  Poteatial  Rgceptew  at  OU  5 

The  activity  patterns  of  potentially  eiqxMed  populations  are  lazgely  determined 
by  die  land  uses  for  whidi  die  areas  have  been  zoned.  The  MOA  has  zoned  the  area  imme¬ 
diately  soudiwest  of  the  HImendorf  AFB  boundary  as  heavy  industrial  and  it  is  unlikely  that 
this  land  designation  will  change  in  the  future.  The  industrial  area  has  a  single  land  owner, 
ARRC,  which  leases  die  land  to  numerous  businesses. 

The  current  uses  of  the  OU  5  area  widiin  the  boundaries  of  Elmendmf  AFB 
are  shown  on  Figure  3-12.  The  current  uses  include  recreational,  residential,  commercial/ 
service,  light  industrial,  and  fish  hatchery  production.  There  are  no  plans  to  shift  the 
boundaries  of  the  uses  as  shown  on  Figure  3-12  (Environmental  Science  &  Engineering  et  al, 
1991). 
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Potential  recqMors  in  the  OU  5  study  area  include  residents,  workers,  childrmi 
at  play  (recreatkmists),  and  infrequent  visitors  or  tre^nssers. 


Edimates  of  die  number  of  potential  recqitors  currendy  on  Elmendorf  AFB 
are  as  follows: 


I 


•  Rcrideala:  about  8600  military  and  fomily  residents  basewide  (CH2M 
Kll,  1992b),  including  jqiproximateiy  3,200  diildren  less  than  18  years 
of  age  (Hating  Lawson  Associates,  19^);  only  a  few  of  those 
residents  live  immediately  upgradient  of  the  pipdine  (north  of 
Second  Street  or  west  of  die  COE  building). 

•  Wortten:  about  7,4(X)  workers  basewide,  including  1,300  civilians 
and  6,100  military  (CH2M  Hill,  1992b);  less  than  50  workera  might  be 
eaqiected  to  come  in  direct  contact  with  OU  5  contaminants  by  woridng 
in  fuel  distribution  or  trendiing  operations  for  utilidor  repair  and 
installation  (based  on  size  of  worir  crews,  intervrews,  and  field 
observations  during  the  RU;  approximately  400  administrative 
enqdoyees  woric  at  the  COE  Building  21-7(X),  upgradient  of  the 
fsp^iaea. 
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•  EecTtttftoniBls;  a  few  children,  numbers  unknown,  hike  and  play  in 
the  woods  on  the  bluff  and  near  the  golf  course  beaver  pood  (based  on 
field  observations  during  the  RI);  military  funilies  and  civilian 
workers,  numbers  unknown,  jncnic  and  golf  along  Ship  Credc  in  the 
summer  (Section  3.4). 

•  Sensitive  populations:  no  schools,  ho^tals,  nursing  homes  within 
0.5  miles  of  OU  5. 

•  Visitors  and  Trespassers:  Visitors  cannot  enter  Elmendorf  AFB  via 
the  Post  Road  gate,  but  must  entm*  by  the  Government  EQll  or  Bonifiux 
gates.  Once  on  the  base,  visittvs  can  be  expected  to  remain  on  the 
roadways  or  to  enter  buildings  on  business. 


Estimates  of  the  current  number  of  potential  recqMors  at  the  Elmendorf  Fish 
Hatchery  (land  leased  from  the  USAF)  or  just  off  base  in  the  ARRC  industrial  area  are  as 
follows: 


•  Residents:  eight  (including  four  children)  at  the  Elmendorf  Fish 
Hatchery  (Section  3.4). 

•  Workers:  about  250  workns  (based  on  the  water  use  surveys.  Section 
3.5);  about  half  of  those  workers  (railroad  yard  workers,  freight 
operators)  may  q)end  time  outside  in  the  industrial  yards. 

•  Recreationists:  a  limited  fishery  takes  place  on  Ship  Creek,  number  of 
fishermen  in  the  vicinity  of  OU  5  not  known;  most  fishing  occurs  near 
die  mouth  of  Ship  Creek,  2  miles  fiom  OU  5. 

•  Sensitive  populations:  no  schods,  hospitals,  or  nursing  homes  within 
0.5  miles  of  OU  5. 

•  Visitors  and  Trespaasets:  about  55,000  visitors  stop  at  the  Elmendorf 
Fish  Hatdiery  viewing  area  eadi  summer,  viats  usually  last  less  than 
1/2  hour  (Section  3.4);  custmnen,  numbers  or  length  of  viats  not 
known,  will  enter  businesses  in  the  industrial  area;  a  few  homeless 
individuals,  numben  not  known,  may  live  near  Ship  Creek  and  the 
railroad  ri^-of-way  for  short  periods  of  time. 


For  the  purpose  of  diis  risk  assessment  the  following  exposure  settings  were 


used  for  the  indicated  tran^xHt  media: 


Lower  oqiiifer  grouadwalcr— current  and  future  refidential; 

Upper  aquifer  groundwater— future  residential  (no  current  use); 

Surfeoe  water  and  sediment— current  and  future  recreatiooal; 

Surfeoe  soils— current  residential  for  the  upgradient  sidMiea  and  future 
residential  for  all  other  subareas; 

Subsurfeoe  soils— current  and  future  trench  worker;  and 

Air— current  and  future  residential. 


6.1.4  J  Pathways  of  Exposure  for  OU  5 

Based  on  a  review  of  the  area  setting,  the  nature  and  extent  of  chemical 
contamination,  and  the  possible  exposure  routes,  the  potential  exposure  pathways  most 
pertinent  to  OU  5  are  evaluated  in  this  assessment.  Figure  5-3  shows  the  exposure  pathways 
for  OU  5  that  potentially  are  conqtlete  under  current  and  reasonable  future  land  use 
conditions.  For  OU  S,  the  most  pertinent  pathways  involve  soils  and  groundwater.  Potential 
health  risks  are  also  assodaied  with  sediments  and  surfece  water  at  OU  5. 

Exposure  to  Chemicals  in  Surfece  St^s.  Current  or  future  residents,  current 
or  future  workers,  or  peofde  who  infrequently  gain  access  to  OU  5  as  visitora  or  trespassen 
could  oome  into  contact  wife  dtemicals  in  surfeoe  amis.  Eqiosure  to  surfece  ac^  could 
occur  via  inadvertent  ingestion,  skin  contact,  or  by  inhaling  dusts.  The  frequency,  duration, 
extent,  and  route  of  eiqxMure  would  dqpend  on  fee  particular  activity  of  the  receptor  and 
location  of  the  activity.  For  feis  assessment,  ami  ingestion  exposures  were  estimated  for  a 
maximum  screening  exposure  scenario  in  which  residential  reasonable  maximum  eqxraure 
(RM^  assumptions  were  made  and  the  maximum  concentrations  of  eatfe  diemical  dmectod 
used  in  fee  calculation  ci  risk. 

Dermal  hbaoiption  of  contaminants  in  the  surfeoe  soils  of  OU  5  may  occur  by 
direct  contact  Contaminants  in  the  soil  may  adhere  to  and  become  absorbed  by  fee  sldn. 
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FjtinMilet  of  (termal  abaoiption  of  contaminints  are  fcaenlly  unreliable  and  of  limited 
uaefiilneii  in  aMcaang  human  healdi  risks  because  the  efficiency  of  chemical  absorption  from 
oontaminaied  soil  across  the  skin  is  not  known  for  most  chemicals  and  because  toxicity 
values  (RfDs  or  slope  fiKtors)  are  not  currently  developed  or  verified  by  die  EPA.  In  ^ite 
of  this,  a  highly  ootDietvative  approach  has  been  used  to  develop  an  upper  bound  estimate  of 
e^osure  by  the  dermal  absorption  pathway.  Thus,  risk  estimates  based  on  this  pathway  are 
not  likely  to  be  exceeded  under  any  reasonaUe  scenario  that  might  occur  at  OU  5. 

Inhalation  of  chemicals  can  occur  if  wind  lekases  soil  into  the  air  as  dust. 
However,  diis  may  not  be  a  miyor  release  pathway  for  OU  5  because  most  of  the  ground  is 
covered  widi  vegetation  or  pavement  and  any  eiqioaed  sc^  are  wet  or  under  snow  cover  for 
much  of  the  year.  The  possibility  diat  the  air  pathway  could  be  of  potential  concern  at  OU  S 
is  evaluated  using  a  screening  procedure  agreed  to  by  the  USAF,  EPA,  and  ADEC  project 
nunagers  in  die  OU  5  Management  Plan.  OU  S  surfrue  sml  concentrations  are  used  to 
estimate  dust  concentrations,  assuming  a  particulate  concentration  (PM,a)  equivalent  to  the 
federal  annual  standard  of  SO  /tg/m*  or  the  MOA  measured  data  of  30  Mg/m’. 

Exposure  to  Chemicals  in  Subsurface  S<nls.  Chemicals  have  been  detected  in 
on-site  subsurfr»e  soils.  RecqMon  coming  into  contact  with  chemicals  in  subsurface  soils 
may  become  exposed  through  incidental  ingestion,  sldn  contact,  or  inhalation  of  vipors. 
Because  the  major  current  or  future  land  use  for  the  areas  occtqried  by  and  surrounding  OU  S 
is  industrial,  a  {dausible  ejqwsure  scenario  would  be  shmt-term  exposure  during  excavations 
and  trenching  to  rqiair  or  jdace  utility  lines  or  pqies.  Potential  recqiton  would  be  currait  or 
future  short-term  woriEers  such  as  utility  personnel.  Eiqxisures  under  this  scenario  would  be 
etpecled  to  be  infrequent  (at  most  a  few  times  per  year). 

While  the  primary  exposure  route  would  probably  be  incidental  ingestion 
during  work  activities,  aqxMure  to  some  chemicals  detected  in  subsurfece  sml  at  OU  S  can 
occur  via  abaoiption  through  unprotected  akin,  resulting  in  e]qx)sure.  However,  trench 
woricers  would  likely  wear  protective  clothing  during  excavation  activities,  limiting  contact. 
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The  same  uncertainties  associated  widi  calculated  dermal  ejqKMures  to  surface  sctis  also 
ap|dy  to  subsur&oe  soils. 

Trench  worioers  could,  to  some  extent,  be  exposed  to  chemicals  by  inhalation 
of  dusts  or  vapon.  Howe^,  dusts  are  not  likely  to  must  in  trenches  during  short-term 
excavations  because  smls  will  probably  be  wet  and  rdatively  protected  from  wind.  Some  of 
the  more  vtdatik  compounds  could  fimrm  vi^xn,  making  inhalation  exposure  possible.  A 
conservative  modeling  approach  is  used  to  estimate  risk  based  concentrations  of  volatiles  in 
sid>sur&oe  stnb.  Using  the  EPA  guidance  method  and  assumptions  (EPA,  1991a),  subsur- 
fKe  soil  concentrations  that  could  result  in  air  concentrations  for  volatiles  at  target  levels 
(1  X  10^  excess  lifetime  canca  risk  for  carcinogens  aixl  a  hazard  quotient  [HQ]  of  unity  for 
noncarciiKJgens)  are  calculated.  Measured  subsurface  scnl  concentrations  of  VOCs  are  then 
conqiared  to  the  calculated  risk-based  conoentratkms. 

Ejqwsure  to  Chemicals  in  Groundwater.  Human  exposure  to  chemicals  in 
groundwater  can  occur  through  ingestion  as  drinking  water,  by  dermal  contact  during 
bathing,  etc.,  or  by  inhaling  dimnicals  volatilized  from  water  during  showering,  cooking,  or 
other  household  activities. 

Cummt  Gnmiidwattr  Um  ComBtioiu.  The  vppa  aquifer  groundwater  is  not 
currently  used  for  domestic  or  industrial  uses  on  Elmendorf  AFB  and  OU  S.  Previous  uses 
of  the  upper  aquifer  included  fish  production  at  the  hatchery;  however,  low  yield  and 
suqwcted  contamination  resulted  in  the  shallow  wells  being  abandoned  in  tiie  mid-1980s.  A 
shallow  base  supfdy  well,  Wdl  1,  was  used  as  a  bacloq)  for  base  drinking  water  until 
contamination  forced  the  wdl  to  be  shut  down  in  the  late  1980s.  Well  1  is  located 
upgradient  of  tiie  OU  5  study  area  along  Shqt  Credc.  The  MOA  abandoned  the  use  of  shal¬ 
low  wdls  along  Ship  Creek  in  die  1940s  due  to  contamination. 

Hie  lower  aquifer  is  tiqiped  by  wells  for  drinking  water  supply  in  the 
AndKxage  Bowl.  Base  Wdl  2  is  in  the  OU  5  study  area  and  serves  as  a  backup  sujqily  for 
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oooliiig  water  at  the  power  iriaot  and  for  drinking  water  adien  other  supidies  are  low.  Bare 
Well  52  is  used  seasonally  at  the  gdf  course  clubhouse  for  all  domestic  uses  associated  with 
the  clubhouse  and  its  restaurant.  Four  deqp  aquifer  ofibare  wells  were  located  in  the 
industrial  area  downgradient  of  Hmendorf  AFB  during  the  water  use  survey.  All  four  wells 
are  qipaiently  used  by  workers  for  drinking  water  but  no  residents  or  sensitive  subgroups 
such  as  children  or  elderiy  persons  use  the  water  on  a  regular  basis.  Two  of  the  offeare 
wells  closest  to  Hmendorf  AFB  (Inlet  and  IGM  companies)  and  bare  wells  2  and  52  were 
aanqded  as  part  of  the  RI.  The  only  residences  between  the  OU  5  pipelines  and  Ship  Creek 
are  located  at  fee  hatchery  and  are  connected  to  Municqjality  of  Anchorage  drinking  water 
supidies,  not  to  on-site  wells.  The  hatchery  pumps  water  feom  two  on-site  wells  screened 
into  fee  lower  aquifer  for  use  in  fish  production. 

Aftere  Groundwater  Ute  CoudUoru.  Given  fee  industrial  land  use  feat  sur¬ 
rounds  OU  5,  industrial  water  supply  wells  might  be  constructed  in  the  future.  Personal  use 
of  feis  water  is  unlikely,  however,  because  fee  area  is  connected  to  municipal  water  supplies 
and  feis  arrangement  will  probably  continue. 

Groundwater  modeling  was  not  conducted  for  feis  human  health  evaluation, 
and  current  on-site  concentrations  in  groundwater  have  been  assumed  to  represent  future 
concentrations  in  potential  on-site  wells.  This  could  be  a  health-conservative  assumption  and 
may  overestimate  exposures,  because  groundwater  chemical  concentrations  will  probably 
decrease  wife  time  as  ttie  result  of  lutural  attenuation  (migration  and  d^radation).  Barring 
any  unanticipated  future  rdeases,  contaminant  conomitrations  in  groundwater  at  OU  5  are  not 
eiqiecled  to  increase  because  no  ongmng  rdeases  or  rignificant  pock^  of  contaminated  soil 
were  encountered  during  tiie  RI.  In  die  6  years  (1986-1992)  of  investigations  at  OU  5,  fee 
conoentration  of  contaminants  in  groundwater  has  remained  in  the  low  ftg/L  range. 

EqMMBic  to  Chwnlrals  In  Surface  Water  and  Sediments.  Chemicals  have 
been  delected  in  surfeoe  water  and  sediments  in  the  OU  5  study  area.  Recq>tors  coming  in 
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oontict  with  chemicib  in  suifMe  water  or  aediment  may  be  exposed  through  incidental 
ingestion,  akin  contact,  or  inhalation  of  v^xva. 


The  surface  water  in  OU  S  primarily  flows  through  the  golf  course  or  parldand 
as  Ship  Creek  or  ocaqaes  unused  marshy  habitat  (beaver  ponds)  at  the  base  of  the  bluff.  No 
ocganixed  swimming  occun  because  of  die  odd  water  tenqieratures,  shallow  and  swift  water 
(Sh9  Credc),  and  the  short  summer  season.  Occaskmally  children  will  raft  on  the  gcdf 
course  beaver  pond  or  harvest  golf  balls  from  the  bottom  of  Shq>  Creek.  Potential  recqihws 
ate  primarily  childten  as  recreationiats.  Exposure  under  a  swimming  scenario  would  be 
eiqiecled  to  be  infrequent  (for  exanqile,  a  couple  of  days  per  month  in  the  summer),  and 
military  tours  of  duty  would  limit  Elmendorf  childten  to  5  yean  or  less  of  exposure. 

The  inhaladon  of  vdadles  from  surface  water  is  mqiected  to  be  a  pathway  of 
low  concern  for  die  ftdlowitig  reasons: 

•  VOCs  were  detected  in  low  (ppb)  concentrations  in  the  surface  water. 

•  The  VOCs  ate  highly  water  soluble,  hence  are  expected  to  remain 
dissdved  in  die  water. 

•  The  atmospheric  tenqieratutes  are  odd  and  the  water  is  froxen  iqiproxi- 
mately  6  months  of  die  year,  reducing  volatilixation  of  the  compels. 

•  The  sutfime  water  is  not  in  a  confined  qiace  and  the  prevailing  winds 
can  be  expected  to  mix  the  air  above  the  ponds.  Hence,  any  VCXTs 
escaping  into  the  air  will  be  rapidly  diluted. 
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Consequendy,  the  risk  of  inhaling  VO(^  in  surfiKe  water  will  not  be 

quantified. 

a 

hOneHaMoas  EqNMnre  Fathways.  Two  other  exposure  padiways,  human 
consumption  of  contaminated  fish  and  vegetables,  ate  not  quantified  in  diis  evaluation 
because  neidier  is  likdy  to  be  a  conqdeted  pidhway.  No  v^etable  gardening  cunendy  takes  ^ 

{dace  at  OU  5.  Future  v^etabie  gardening  is  also  unlikely  because  of  MOA  zoning 
restrictions  and  forecast  land  uses  (Environmental  Sdence  &  Engineering  et  al,  1991).  The 
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land  is  also  not  suitable  fot  agricultuial  puiposes  because  of  steep  or  unstable  slopes  or 
wetluds.  Surface  soil  contamination  was  not  encountered  in  areas  suitaUe  for  die  growdi  of 
wild  berries  or  mushrooms. 


Project  managers  from  the  USAF,  EPA,  and  ADEC  agreed  in  the  OU  5 
Management  Plan  to  a  phased  lyiproach  to  determining  the  influence  of  OU  5  contaminants 
on  Shqi  Credc  and  its  indigenous  fish  qiecies.  During  the  RI,  Shqi  Creek  was  found  to  be 
free  of  organic  contaminants.  Ance,  it  is  unlikdy  diat  OU  5  sources  influence  fish  in  Sh4> 
Creek.  No  fish  dssue  analyses,  or  human  use  surveys  were  conducted  as  part  of  the  RI,  and 
none  are  planned. 

6.1.4,3  Estimation  of  Exposure  Point  Concentratkms 

Esthmation  Method.  In  order  to  eAimate  cancer  and  noncancer  risks  from 
possible  exposures  to  media  at  OU  5,  it  is  necessary  to  know  concentrations  of  each  chemical 
of  potential  concern  at  posable  eiqposure  pmnts.  Eiqiosure  point  concentrations  can  be 
estimated  by  direct  measurement  of  concentrations  in  the  exposure  medium  at  a  potential 
pdnt  of  contact,  or  by  modeling  diemical  release  and  tran^iott  to  a  esqiiosure  pmnt.  For 
soil,  groundwater,  surfree  water,  and  sediment,  this  assessment  used  the  direct  measurement 
tptnoach  (actual  analytic  data  were  used  to  quantify  risks).  Inhalation  exposures  to 
contaminants  in  dust  were  estimated  from  sitewide  detected  concentrations  as  screening  tool. 
Modding  diemical  movement  in  these  media  was  not  considered  qipropriate  because  of  data 
uncertainties  (for  exanqrie,  source  rdease  rates  and  fities). 

Where  possible,  pathways  were  first  screened  out  using  maximum  sitewide 
concentrations  or  maximom  subarea  concentrations  in  each  media  and  reasonable,  conserva< 
five  eqiosure  scenarios.  When  this  maximum  screening  qiproadi  demonstrated  a  Hazard 
Index  greater  flian  one  or  an  excen  lifetime  cancer  risk  of  greater  tium  10^,  as  in  tiie  case  of 
groundwater,  eatposure  point  ooncentratioos  were  estimated  for  assumed  average  case  and 
reasonable  maximum  case  eaqxMure  settings. 
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Avcnie  cue  caqNMues  icpieeeat  eaqMMuies  to  aritfunedc  average  oonoentn- 
tinu  at  the  ale.  WeaaoBahle  maximum  expoauie  eatimalu,  developed  acoordiiig  to  EPA 
guidanoe  (19fl9b),  icpceaeot  the  higheit  eaqxMuiet  that  are  reaaooably  eqwcted  to  occur  to 
die  chemicala  of  potential  concera.  The  conoentrationa  iiaed  to  estimate  exposure  under 
reaaondde  maximum  eiqwsure  conditions  were  caiailatnri  u  dm  95%  vppet  confidence  limit 
of  die  arithmetic  meu  concentrations  in  a  partiailar  medium  at  a  particular  audy  sidiarea 
(EPA,  1992f). 


The  delected  concentrations  {dus  one-half  of  the  detection  limits  for  the 
sanqdes  with  nondetects  are  used  to  generate  the  averaging  statistics.  In  instances  in  triiich 
the  only  detected  values  are  below  the  detection  limit  identified  u  J  values),  this  procedure 
can  result  in  averages  and  UCLs  that  are  greater  dian  the  detected  values  at  the  site  and  their 
use  in  the  risk  assessment  would  be  overly  conservative.  In  this  latter  case,  averages  and 
UCLs  are  generated  only  with  die  delected  values  (EPA,  1989b). 

In  some  data  subgroups  in  which  variability  in  the  measured  data  is  high  due 
to  small  sanqde  rire,  die  UCLs  on  the  average  concentrations  are  above  die  maximum 
detected  value.  In  diese  cases,  die  maximum  detected  concentration  is  used  to  estimate  the 
reasonable  maximum  exposure  concentration  according  to  EPA  guidance  (EPA,  1989b).  An 
exanqde  of  diis  occurs  in  the  upper  aquifer  groundwater  data  for  the  lower  bluff  subarea 
where  die  sanqde  sire  is  diree. 

All  iiqwt  concentrations  and  esqiosure  parameters  used  in  dus  risk  assessment 
are  shown  in  Appendix  P. 

Grouping  of  Data.  Sanqding  data  resulting  fiom  the  RI  were  grouped 
according  to  study  subareas  for  each  medium  of  concern.  Study  subareas  were  (tetermined 
by  consideiing  diatinct  geographic  locations  within  OU  5. 
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SinfiMe  soils  wen  taken  from  the  sen  to  2-foot  depdi.  Subsmfooe  smls  wen 
soils  collected  at  gntter  dian  2-foot  depdi.  All  st^  metal  concentrations  wen  compared  to 
background  metals  conoentiatioos  as  desoibed  in  Section  4.0.  Background  concentrations 
wen  not  subtracted  from  analytical  data  that  exceeded  background  oonq»riaons  when 
estimating  cytsun  point  concentrations. 

Groundwater  sanqdes  wen  collected  from  monitoring  weUs  screened  at 
varying  groundwater  depths  in  the  upper  aquiftr  and  from  active  supply  wells  screened  into 
die  lower,  confined  aquifor.  The  groundwater  results  wen  groiqied  into  upper  and  lower 
aquiftr.  Upper  aquiftr  aanqdes  wen  also  divided  into  study  subarea.  Groundwater  total 
metals  ftv  die  lower  aquiftr  wen  compared  to  r^kmal  (background)  data  (Section  4.3). 
Upper  aquifer  metals  wen  conqiaied  to  metals  in  aamides  odlected  from  die  iqigradient 
subarea.  Individual  wells  wen  assessed  to  determine  die  relative  contribution  of  each  well  to 
the  overall  risk.  A  mon  conqdete  description  of  the  wells  and  dqiths  to  groundwater  is 
given  in  Sections  2.1.5  and  3.3. 

Sediment  and  surface  water  samides  wen  grouped  into  three  subareas.  No 
background  sediment  os  surfitee  water  sami^  was  collected  for  comparison  with  pood 
samides.  Upgradient  surface  water  and  sediment  samples  were  collected  for  Ship  Creek. 

6.1.4.4  Qoantillcation  of  Exposon 

This  section  describes  the  calculation  of  chemical  intakes  for  individual 
pathways  of  eiqioson,  summarizes  the  assunqitions  that  wen  made  to  estimate  eaqxisun,  and 
deaoibes  die  means  used  to  estimate  concentratkios.  Spedfic  oqiosun  equations,  exposure 
parameten,  and  concentration  values  used  in  this  risk  assessment  an  found  in  ^ipendix  P. 

Estlmaihm  of  Chemical  liatahr.  Chronic  exposun  (chronic  daily  intake)  is 
oqmssed  in  terms  of  milligrams  of  dmnical  contacting  die  body  per  kilogram  body  weight 
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per  day  (of/kg/d).  For  die  expoeoie  nxdes  evaluated,  die  fottowing  geaeric  equation  wu 
used: 


Ejqwaure  (mg/kg  body  wdght/day)  »  (C  x  1  x  F  x  D)/(W  x  1) 

Where: 

C  >  Coaoentradon  of  Chonical  (for  exanqde,  mg/kg  soil) 

I  s  Media  Intake  Rate  (for  ejcaiqile,  kg  soil  ingested/day) 

F  >  Eiqiomie  Frequency  (days/year) 

D  «  EjqKMure  Duration  (years) 

W  >  Body  Weight  (kg) 

T  »  Averaging  Him  (period  over  if^iich  eaqiosure  is 

averaged,  in  days) 

This  equation  requires  variables  (exposure  parameters)  wdiich  are  qiecific  to  a 
particular  esqwsure  scenario.  Exposure  parameters  are  usually  estimated  values.  The  relia¬ 
bility  of  die  values  chosen  can  also  contribute  substantially  to  die  uncertainty  of  resulting  risk 
f  estimates.  Many  of  the  exposure  parameters  assumed  for  OU  3  have  defoult  values  that  are 
used  by  convention.  These  assumptions,  based  on  eaimates  of  body  weights,  media  intake 
levels,  and  eaqxMure  frequencies  and  durations,  are  provided  by  EPA  guidance  (1989a, 

1989b;  1991b),  and  in  EPA  R^on  10  guidance  (EPA,  1991d).  Other  assumptions  (for 
example,  for  die  subsurfiue  treadling  scenario)  required  consideration  of  location-qiecific 
information  and  were  determined  using  professi<mal  judgment 

IteasMiabk  Maximum  Exposure  Case.  EPA  guidance  states  that  actions  at 
Superfrind  sites  should  be  based  on  an  estimate  of  the  RME  expected  to  occur  under  both 
current  and  future  land  use  conditions.  The  RME  is  defined  as  the  'highest  exposure  that  is 
reasondily  expected  to  occur  at  a  site”  (EPA,  1989b).  The  intent  of  the  RME  scenario  is  to 
estimate  a  conservative  exposure  case  (diat  is,  well  above  the  average  case)  dut  is  still  within 
the  range  of  possibilities.  Many  of  the  exposure  parameters  used  to  estimate  RME  ate  upper 
confidence  limit  values. 
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Afcrage  Case  Exposure.  EPA  has  recently  stated  the  need  for  i»oviding  risk 
infOTmatioa  that  includes  both  the  average  and  the  high  end  RME  portions  of  the  risk 
distribution  (EPA,  1992c).  Presentation  of  the  plausible  range  of  risks  allows  risk 
management  decisions  to  incorporate  the  rdative  uncertainty  in  the  risk  estimates.  Thus,  this 
human  health  evaluation  assesses  exposures  under  both  RME  and  more  likely  "average" 
ffitposure  conditions.  The  average  case  exposure  assumptions  largely  rq>resent  the  SOth 
percentile  values  within  the  population. 

The  exposure  assumptions  used  to  estimate  potential  RME  and  average  case 
exposures  to  chemicals  of  potential  concern  at  OU  S  are  summarized  in  Tables  6-6  through 
6-9  for  the  subsurface  soil,  surface  soil,  groundwater,  surface  water,  sediment,  and  air 
pathways.  The  exposure  assumptions  used  in  preliminary  maximum  screens  were  the  same 
as  the  RME  exposure  assumptions.  The  exposure  estimates  (in  terms  of  chronic  daily 
intakes)  for  each  of  the  chemicals  of  concern  in  e»:h  sample,  derived  using  the  estimated 
exposure  point  ccmcentrations  (discussed  below),  are  given  on  the  risk  calculation  data  sheets 
in  Appendix  P. 

In  spite  of  the  uncertainties  inherent  to  estimates  of  exposure  by  dermal 
absorption,  this  exposure  pathway  has  been  evaluated  using  highly  conservative  assumptions. 
This  approach  is  intended  to  provide  an  upper  bound  estimate  of  exposure  by  dermal  absorp- 
ti(m.  Thus,  risk  estimates  based  on  the  dermal  absorption  pathway  are  not  likely  to  be 
exceeded  under  any  reasonable  scenario  that  might  occur  at  OU  5. 

The  dermal  absorption  efficiency  for  soils  and  sediment  assumed  the  following 

values: 


Six  percent  for  semivolatile  organic  compounds  based  on  the  value 
repented  for  PCBs  (EPA,  1992a); 

One  percent  for  metals  based  on  the  value  reported  for  cadmium  (EPA, 
1992a);  and 

Fifty  percent  for  VOAs  based  on  best  judgment.  (No  published  values 
exist.) 
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Tabled 


Eipoaiire  Aatimipdoiu  fSor  SidMiir&ce  Soil  Fathways 


EjqMMed  Individual 


Body  Weight  (kg) 


Soil  Ingestion  Bate  (mg/day) 


Bjqioaed  Skin  SutfKe  Area  (cmi^ 


Soil  ID  Skin  Adherence  Factor  (mg/cm^ 


Daya/year  EiqMsed 


Years  Exposed 


BTA.  1991b 
BTA.  199M 
DA.  1992t 


Trench  Worker 


5000* 


CH2M  ni.  1993. 
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Table  «-7 


Exponm  Aasumptioos  for  Sorfitte  Soil  ntfhways 


■M 

Exposed  Eidividiiel 

Readent 

Resident 

Body  Weight  (ks) 

15  (0-6yr) 
70(>6yr)* 

70* 

Soil  Bigestkm  Rale  (mg/day) 

200(&^yr) 

100  (>6yr)* 

100* 

Dust  Inhalatioa  Rale  (M*/day) 

20 

20 

Particulate  Coooentiation  Otg/M*) 

5{P,  30* 

5(P,  30* 

Ejqwsed  Skill  Suiftoe  Area  (cni*) 

Soil'to-Skiii  Adherence  Factor  (mg/cm^ 

1.0* 

0.2* 

Days/year  Eqiosed  (Tfigestion  and  Inhalation) 

35(f 

275* 

Days/Year  Exposed  (Dennal) 

350* 

40* 

Years  Exposed 

3(P 

9* 

‘Sohm:  BTA.  1991b 

‘Soana:  Nai—I Aaaaal A^lai Ak QaaHty HwiiiJ, 36 HI 2at4 
•  SoMea:  BPA,  1992a 
*Scme»  :  BFA,  19919 

*SeH«a:  MOA TM, <1  bbwlMd fcaa bir.  Lawtiaii Taylor. 
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Table  6-S 


f 


Expeevre  AwomprioiM  for  Groundwater  Fidhways 


;  ^  A  fj'  *  '  V 

aaie  Cbei 

AfmfaCeae 

,  JB^panwe 

EjqwMd  Individual 

Resident 

Resident 

Body  Weight  (kg) 

70^ 

7(y 

Ingestion  Rale  (lyday) 

1.4‘ 

2* 

Inhalation  Rale  (M’/day) 

15* 

15* 

Exposed  Skin  Suffice  Area  (cm*) 

20.000^ 

23,000F 

Days/Year  Eiqwsed 

275* 

350^ 

Time  in  Waler  (min/day) 

10» 

15* 

Years  Ejqnaed 

9^ 

30^ 

'Sowm:  BTA.  1991b 
^Somm:  BTA.  19Mi 
'  SoMca:  EFA.  1993a 
*Sawea;  BFA.  199M 


o 


# 

a 


e 


e 


§ 


i  • 


» 


» 


i 
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Table  6-9 


Expoewa  Afnmplioiie  for  Sorfbce  Water  and  Sediment  Pathways 


- - «-  ^ -  ffl  1  1  1 

•  fjMWiWWi 

1 

EqKMcd  Indivkiual 

Recreational  User 

Body  Weight  (k|) 

35* 

Suiteoe  Water  Ingerton  Bale  (Uday) 

0.05* 

Sediment  Bigestion  Rate  (mg/day) 

100* 

Ejqioaed  Skin  SuifMe  Area  for  Water  (cm?) 

10,000^ 

Time  in  Water  (min/day) 

60* 

Ejqioaed  Skin  Suifooe  Area  for  Sediment  (cm^ 

3,900* 

Sediment  to  Skin  Adherence  Factor  (mg/cm^ 

1.0* 

Days/Year  Ejqnaed 

2e 

Years  BqKMed 

5* 

^Sohm:  bpa.  inn 

*  Sovm:  BTA,  1992a 
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F6r  deranl  comact  with  groundw^  and  suiftce  water,  die 
dmnical-^wcifie  akin  penneniMlity  constants  were  as  listed  in  TsUe  S-8  of  EPA  guidance  on 
dermal  oqnsure  (1992a).  Fdr  chemicals  for  uduch  no  estimated  values  enA  (for  examine, 
JP-4),  the  permeaUUQr  constant  for  water  (1.6  x  10^  cm/hr)  was  used. 

EaqNMure  of  potential  receptors  to  die  contaminants  of  concern  at  OU  S  was 
quantified  for  estimating  human  health  risks  by  the  following  eiqiosure  routes: 

•  Oral  ingestion  of  surface  and  subsurface  soils,  sediments,  surfoce,  and 
groundwater, 

•  Inhalation  of  organics  that  volatilize  during  dome^  use  (showering)  of 
groundwater  and  of  particulates  from  surfoce  sod;  and 

•  Dermal  absorption  of  surfoce  and  subsurface  soils,  surface  and 
groundwater,  and  sediments. 

6.1.4.5  Uncertainties  Rdated  to  Exposure  Estimation 


» 


'*) 


» 


Uncertainties  in  risk  duracterization  of  eaqiosure  assessment  include 
assunqitions  about  future  land  and  groundwater  use,  samfde  cdtection  and  analyses,  and  i 

chemical  intake. 


Future  land  uses  at  OU  S  are  likdy  to  remain  industrial  off  base  and  a  mixture 
of  tesMential,  industrial,  and  recreational  onbase.  Use  of  the  iqiper  aquifer  for  potable  water 
is  not  likely  due  to  tiie  availability  of  public  water  sources  and  the  low  yield  of  die  iqiper 
aquifer  beneath  OU  5.  Exposure  estimates  for  groundwater  were  quantified  to  provide  a 
firame  of  reference  for  risk  management  dedakm  making.  > 

Uncertainties  associated  with  sanqding  and  analyses  include  die  inherent 
variability  (standard  error)  in  the  analysis,  rqnesentativeness  of  the  samfdes,  samjding  ^ 

erron,  and  heterogeneity  of  die  sanqrie  matrix.  While  die  QA/QC  program  used  in  die  RI 
serves  to  reduce  these  errors,  it  cannot  diminate  all  arms  associated  with  sampling  and 
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analyiM.  The  degree  to  which  aanqik  ooUectioB  end  analytes  reflect  real  aqwsure  pmnt 
concentnitioM  will  detenniiie  the  vdiahility  of  resulting  risk  estimates.  Many  of  the  samide 
data  used  for  this  asaesment  were  geaetated  from  samides  adkcted  at  known  or  suapected 
source  areas,  rather  randomly.  Since  cjqtosure  is  not  likely  to  be  limited  scdely  to 
higher  concentration  areas,  risk  estimates  for  these  areas  may  be  conservativdy  high.  This 
assessment  made  the  sinqilifying  assumption  that  media  concentratioos  remain  constant  over 
the  duration  of  exposure,  pedflcally,  that  no  chemical  loss  or  transformation  oocun  in  tiie 
future.  This  assumption  may  also  result  in  conservative  risk  estimates. 

The  estimation  of  eqxMure  required  numerous  assumptions  to  describe 
potential  ejqwsure  The  use  of  ipper  bound  exposure  assumptions  to  estimate 

RME  eaposures  provides  a  bounding  estimate  on  eposure.  The  use  of  average  exposure 
parameters  in  estimation  oi  esposure  allows  accounting  for  some  of  the  uncertainties  due  to 
use  of  reasonable  nuudmum  exposure  aasunptions. 

6.1.5  PlibHc  HcaWh  Risk  OharactcrbatloB 

The  tpproodi  used  to  devdop  the  human  health  risk  estimates  is  summarized 
in  tiiis  section.  A  quantitative  risk  characterization  is  jnesented  for  the  OU  S  media  of 
concern  under  die  assumed  exposure  settings  described  in  Section  6.1.4,  Exposure 
Assessment.  Cancer  and  noncancer  risks  associated  witii  the  potential  site  esposures  are 
evaluated.  The  estimation  of  risks  is  based  on  the  assumption  tint  contaminant 
concentrations  and  intake  levds  are  constant. 

6.1.5.1  Noncancer  Effects  Risk  Characterization 

For  noncancer  effects,  risks  were  estimated  by  comparing  the  predicted  level 
of  exposure  for  a  particular  diemical  to  the  highest  level  of  exposure  tint  is  considered 
protective  Ots  RfD).  The  ratio  of  exposure  divided  by  RfD  is  termed  the  hazard  quotient 
(HQ): 
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HQ  «  expmure/RfD 


When  the  HQ  for  a  ctemical  exceeds  1  (exposure  exceeds  RfD)  there  is  a 
concern  for  potential  noncanoer  health  effects.  To  assess  the  potential  for  noncancer  effects 
posed  by  exposure  to  multiple  chemicals,  a  hazard  inda  (HI)  approach  was  used  according 
to  EPA  guidance  (1986c).  This  iqiproach  assumes  additivity  and  does  not  account  for 
synergistic  or  antagonistic  effects.  When  two  or  more  chemicals  in  the  same  sample  have 
H(^  less  than  one,  but  the  aggregate  sum  of  H(^,  the  HI,  exceeds  one,  the  potential  for 
healtti  effects  exists  if  the  chemicals  act  by  the  same  toxicologic  mechanism. 

6.1.5,2  Cancer  Risk  Chararterfaatirm 

The  potential  for  cano»  effects  is  evaluated  by  estimating  excess  lifetime 
cancer  risk.  Excess  lifetime  cancer  risk  is  the  incremental  increase  in  the  probability  of 
developing  cancer  ova  one’s  lifetime  over  the  background  probability  of  developing  cancer 
(if  no  exposure  to  site  chemicals  occurs).  For  example,  a  1  x  10^  excess  lifetime  cancer  risk 
means  that  fw  every  1  million  people  exposed  to  the  carcinogen  throughout  their  lifetimes, 
the  average  incidence  of  cancer  may  increase  by  one  case  of  cancer.  The  background 
probability  of  developing  cancer  is  about  one  in  four. 

As  previously  mentioned,  cancer  slope  factors  develtqwd  by  die  EPA  rqiresent 
upper  bound  estimates,  so  any  cancer  risks  generated  in  this  assessment  should  be  r^arded 
as  upper  bounds  on  the  potential  cancer  risks  radier  than  accurate  representations  of  true 
cancer  risk.  The  true  cancer  risk  is  likely  to  be  less  than  that  predicted  (EPA,  1989b).  For 
OU  5,  excess  lifetime  cancer  risks  were  estimated  using  the  following  fimnula: 

risk  =  cancer  slope  factor  x  «posuie  (or  intake) 

Although  synergistic  or  antagonistic  interactions  might  occur  between  caiKer- 
cauang  chemicals  and  other  chemicals,  information  is  generally  lacking  in  the  toxicological 
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liloatuie  to  quantitativdiy  piedict  the  efibcts  of  these  potential  interactions.  Therefore, 
cancer  risks  were  treated  as  additive  widiin  an  csqxMure  route  in  this  assessment.  This  is 
consistent  with  die  current  EPA  guidelines  on  chemical  mixtures  (1986c). 

6.1^3  Qnairillative  RUt  Fjtimarion 

The  potential  risks  associated  with  OU  S  are  quantified  in  diis  section.  Based 
on  the  analysis  of  exposure  podiways  presented  earlier  in  this  assessment,  the  potential 
current  and  future  risks  for  die  site  are  characterised  and  described  in  this  section  for  each 
particular  medium  of  concern.  Descriptions  are  limited  primarily  to  the  maximum  screen 
and  RME  risk  estimates.  Average  case  risks  are  also  provided  in  the  summary  tables  when 
RME  estimates  did  not  screen  out  the  pathway.  Detailed  risk  tables  listing  individual 
chmnical  risks  and  percentage  contributions  to  total  risk  are  contained  in  Appendix  P. 

Subsurface  SoO  Exposure  Pathways 

Short-term  worker  risks  are  indqiendentiy  quantified  for  subsurface  soils  in  six 
study  subareas.  Table  6-10  summarizes  die  lirit  estimates  for  ingesti<»  and  dermal 
absmption  of  subsurfine  smls.  The  estimates  use  maximum  chemical  concentrations  in  cadi 
subarea  in  order  to  eliminate  subsurfoce  soil  exposure  as  a  pathway  of  concern. 

No  HI  values  exceed  1.0.  The  maximum  on-site  excess  lifotime  cancer  risk  is 
4  X  for  subeurfiMe  soil  ingestion  in  the  lower  bluff  subarea. 

To  evaluate  die  possibility  of  eiqiosure  to  riiort-term  woricers  by  inhalation  of 
vapors  in  trendies,  a  conservative  modelling  qifmiach  is  used  to  estimate  risk-based  concen¬ 
trations  of  VOCs  in  subsurfoce  soUs.  Using  the  EPA  guidance  method  and  assunqitions 
(EPA,  1991a),  subsurfoce  soil  concentrations  that  could  result  in  air  concentrations  for 
vcdatiles  at  target  risk  kvds  (1  x  10^  excess  cancer  risk  for  carcinogens,  HQ  of  unity  for 
noncaicinogens)  are  calculated.  Of  the  four  VOCs  that  could  be  modelled  in  subsurfoce 
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Table  MO 


Summary  of  Maximum  Risk  Screening  Estimates  for  SubsurfiMC  Soils* 


> 

^iuSSS^tt 

-  ■  ^  ^vlteoMmr  -iwiiisii't 

tWlflhd.  1 

.  ■  ■Eicpoiwro--*-' 

^*eS!JS2?^ 

^cSoiSaSkl^i 

IUmSm 

Tim  lii' 

CMMMae 

dorKi? 

Vppadkat 

Tieoch 

Woricer 

bcideBtal 

Inteadoo 

<0.01 

NA 

3x  10* 

NA 

Dennal 

Abeofptiao 

<0.01 

NA 

2x  10* 

NA 

Additive  Riric 

<0.01 

NA 

5x  10* 

NA 

PiptUao 

CoRidor 

Tieadi 

Woricer 

Incideatal 

Inieetiaa 

0.01 

NA 

2  X  10-'* 

NA 

Oennel 

Abiorptioo 

<0.01 

NA 

1  X  la* 

NA 

Additive  Riric 

0.02 

NA 

1  X  10“ 

NA 

Lowar 

Bhiff 

Treodi 

Woricer 

IfirtAmtal 

biseatioa 

0.02 

NA 

4x  lO* 

NA 

Dennal 

AbaomtioB 

<0.01 

NA 

1  X  10* 

NA 

Additive  Riak 

0.02 

NA 

4x10’ 

NA 

PM  Howl 
Cofridor 

Tiendi 

Woricer 

Incidental 

Inieation 

<0.01 

NA 

ND 

NA 

Dennal 

Abscnptioa 

<0.01 

NA 

ND 

NA 

Additive  Riric 

<0.01 

NA 

ND 

NA 

Golf 

Came 

Beevef 

Fond 

Tieadi 

Woricer 

Incidental 

bceatioa 

ND 

NA 

ND 

NA 

Dennal 

Abacnptioa 

ND 

NA 

ND 

NA 

Additive  Ri  A 

ND 

NA 

ND 

NA 

WMie 

PeutTaiA 

Tnadi 

Woricer 

Incidental 

Inteation 

<0.01 

NA 

4x  10“ 

NA 

Dennal 

Abaon>tion 

<0.01 

NA 

3x  10“ 

NA 

Additive  Riak 

<0.01 

NA 

7x10“ 

NA 

*  Tlw  riita  m  fcc  curtut  oc  flmw  utility  worfan  who  tptaJ  24  dajm  ptr  ywr  fcr  5  y«M»  wwtrlM  >■  tMfhti  i^powd  to 

■Md— noBW—liotof  iinaWMiuntihiMbufcwai.  Bx|NM««iMMpiiMMM»riMwaianbbM. 

k  UMWMofvifonfailnaebMisdiiciandialna.  Addilhrtiiik«quilidMwaiofdwiatMdMHidd«nilriiki. 

*  nnirihrti  Aiwirilnw  Bod  oqiy  whw dw «w» lifciaw  CMcwiMfwdi  UlO*orwhMiih»HiM«dlBJwi»MJiOJ. 

ND  m  No  ippBoiMs  Aomiaols  4iloclod. 
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soils,  riik-tesed  concentiitions  are  estimated  to  be  1.7S  mg/kg  for  benzene,  19,300  mg/kg 
for  ediylbenzcne,  3,820  mg/kg  for  totuene,  and  2,570  n^/kg  for  xylenes.  None  of  the 
subsurfiioe  soil  concenttmions  at  OU  3  exceed  these  lisk-baaed  levels.  The  highest 
concentrations  delected  are  0.2  mg/kg  benzene,  0.660  mg/kg  ethylbenzene,  0.510  mg/kg 
toluene,  and  9.3  mg/kg  xylenes.  These  results  sug;^  foat  inhalation  of  BTEX  in  trendies  is 
a  padiway  of  low  ooncem. 

Sarfhoe  Seffl  Exposnre  Aidiways 

Risk  estimates  are  calculated  fw  tesidential  recqXors  eqxised  to  surface  soils 
via  incidental  ingestion  and  dermal  absorption.  Currently  residents  are  only  found  in  die 
upgradknt  subarea;  dierefore,  estimates  for  the  other  subareas  are  for  future  residents  over  a 
lifetime.  Table  6-11  summarizes  the  risk  estimates  for  surfoce  soils.  The  estimates  first 
used  maximum  chemical  concentrations  in  each  subarea  to  diminate  surface  soil  ingestion 
and  dermal  absorption  as  pathways  of  ooncem. 

Risks  were  recateulated  using  UCL  and  average  conoentiations  if  the  sum  of 
the  maximum  screening  estimates  fa  ingestion  and  dermal  absorption  exceed  an  HI  of  1.0  or 
an  excess  lifetime  cancer  risk  of  1  x  10^.  Only  the  lower  bluff  subarea  exceeded  those 
criteria.  The  additive  RME  estimate  for  the  HI  fw  the  lower  bluff  area  was  less  dian  unity. 

The  maximum  excess  lifetime  cancer  risk  for  ingestion  is  1  x  Iff*  for  die 
lower  bluff  subarea.  The  risk  was  recalculated  using  UCL  and  average  conoentiations, 
yielding  an  excess  lifetime  cancer  risk  for  ingestion  6  x  Iff*  for  the  RME  exposure  case 
and  4  X  Iff*  for  die  average  eiqmsure  case.  Approximatdy  76%  of  the  RME  cancer  risk  in 
die  lower  bluff  subarea  is  contributed  by  metals  (arsenic  69%;  beryllium  7%).  The 
remaining  24%  of  the  cancer  risk  is  contributed  by  PAHs.  The  PAHs  concentrations  are 
estimated  values  found  bdow  the  detection  limit  in  one  sanmfe  (SB29-00A);  however,  no 
PAHs  were  detected  in  that  sanqde’s  fidd  diqilicate  (SB29-(X)).  Although  the  subarea 
maximum  arsenic  concentration  was  greater  than  the  background  screening  levels,  die 
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Table  6-11 


Summary  of  Risk  Kstimates  for  Surfiax  Soils* 


•.  s  < 

KepMuni 

*m-  -*■ 

/'.y  :-RwnHra> 

iMto 

Kli»* 

" '  CMiMtiiliii 

JSxOKt 

^ — - 

upfnoMH 

Tiriilmtel 

tugeetioa 

NS 

NA 

NS 

NA 

Dennel 

Abeoqitioa 

NS 

NA 

NS 

NA 

PlfMliH 

Conidor 

Putum 

Itaaidaot 

Incideatel 

bgeetiaa 

ND 

NA 

ND 

NA 

Dennel 

Abeoiptiaa 

ND 

NA 

ND 

NA 

Lowar 

Stuff 

Fnittn 

Rflodait 

bcidentel 

Ingectioa 

1.0  MAX 
0.4  RME 
0.07  AVE 

Aieeoic 

(43*) 

Barium  (18%) 
TFHdieael 
(22*) 

IxlOr'MAX 
7x10*  RME 
4x10*  AVE 

Aiaeaic(69S) 

PAHa(24«) 

BeqrUhim 

(7*) 

Dermal 

Abeoiptiaa 

0.6  MAX 
0.2  RME 
0.002  AVE 

TFHdiaeel 

(«1*) 

Aieeoic 

(20%) 

Barium  (8%) 

2x10*  MAX 
9x10*  RME 
4x10*  AVE 

Aneaic(8S%) 

Beryllium 

(10*) 

TFH  sae  (5%) 

Additive  Ride 

2.  MAX 
0.6  RME 
0.07  AVE 

NA 

1x10*  MAX 
8x10*  RME 
4x10*  AVE 

NA 

PoatSoMl 

Conidor 

Future 

Reeideat 

Incideatil 

Ingeetiaa 

NA 

ND 

NA 

Dermal 

Abeoiptiaa 

NA 

ND 

NA 

Additive  Ride 

0.1  MAX 

NA 

ND 

NA 

Golf  Cooiw 
B«w«r 

Pood 

Future 

Reeideat 

Incideatil 

Ingeetioa 

NA 

ND 

NA 

Dermel 

Abeoiptioa 

NA 

ND 

NA 

Additive  Ride 

0.0S  MAX 

NA 

ND 

NA 
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Table  ^11 
(Condnued) 


wiMiCB  iKX  and  iwenfe  concentrarioas  would  have  been  acieeaed  out  Conacquently,  Ae 
RME  and  avente  caie  riik  eedaMlBe  for  ewen  Ufednie  ameer  risks  are  etfuivaknt  to 
backgRNBMl  risks  for  metals. 

No  HI  for  dermal  dbsoqdian  exceeds  1.0.  The  maximum  case  excess  lifotime 
cancer  risk  for  dennal  absorption  is  2  x  10^  in  the  lower  bhiff  subarea;  the  RME  case  is 
9  X  10^,  and  the  average  case  is  1  x  10^.  Appioxiinaldy  95%  ai  the  cancer  risk  is 
contributed  by  metals. 

Residents  currently  live  in  die  iqigndient  subarea  north  of  2nd  Street  and  on 
fish  hatdieiy  leases  next  to  the  Post  Road  corridor.  No  surfoce  soil  samples  were  otdlected 
fimn  the  iqigiadient  subarea,  whidi  is  largdy  covered  by  lawns  or  pavement  with  little 
eiqwaed  surfooe  soils.  The  residential  oqiosure  scenario  qifdies  die  most  conservative 
exposure  assumptions  (see  Table  6-7)  used  in  risk  assessments.  Actual  exposure  to  surfoce 
soils  at  OU  5  may  be  much  less:  exanqdes,  military  fiunilies’  tours  of  duty  seldan  exceed  S 
years  (not  the  30  yean  used  in  assunqitions)  on  Elmendorf  AFB  and  the  ground  surfoce  is 
free  of  snow  only  about  6  months  of  the  year  (not  350  days).  The  lower  bluff  subarea  was 
the  only  area  where  the  excess  lifotime  cancer  risk  for  ingestion  and  dermal  exposure 
exceeded  1  x  10^.  This  subarea  is  unlikely  to  be  used  for  readences  because  of  unstable, 
steqi  bluffs  and  wetlands.  Coiiaequendy,  the  residential  scenario  is  highly  conservative  and 
the  actual  risk  because  of  future  exposure  to  chemicals  in  surface  soils  may  be  much  less 
than  estimated. 

Inhalation  of  diemicals  released  to  the  ambient  air  finnn  surfooe  soils  is 
considered  in  the  Air  Bathwqrs  subsection. 

Gromadwater  Exposure  Fadiways 

For  dm  groundwater  pathways,  risk  estimates  axe  devdoped  for  potential 
future  residential  ingestion,  inhalation,  and  dennal  exposures  to  dm  upper  aquifor  ground- 
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water.  No  reeidential  or  induWml  potelde  water  wdls  draw  water  from  the  vpptx  aquifer  in 
fee  OU  5  aludy  area.  For  fee  lower  aquifer,  fee  riek  eetimatee  qi|dy  to  both  cuciatt  and 
fifeire  reeidential  ecenarioe.  Rieki  are  estimated  for  each  subarea  for  the  iqiper  aquifer,  for 
fee  potded  sample  data  for  the  lower  aquifer,  and  for  individual  monitoring  wdls.  Ingestion, 
inhafethw  (during  showering),  and  dermal  (feiring  ritowering)  eaqxMure  routes  are  evaluated. 
Risks  are  calculated  by  using  the  metals  data  from  fee  December  1992  sanqiling  effort,  and 
not  from  fee  August  1992  sampling  effort 

Groundwater  Risks  for  Study  Subareas  and  Lower  Aquifer:  Risk  edi  mates 
are  summarized  in  Table  6>12. 


No  HI  for  inhalation  or  dermal  Absorption  during  showering  caceeds  1.0  for 
residents  under  RME  cooditioos.  The  highest  risk  estimates  for  RME  excess  lifetime  cancer 
risks  for  future  residents  ferough  inhalation  during  showering  is  2  x  Ifr*  at  the  pipeline 
corridor  subarea  and  1  x  Ifr*  at  the  lower  bluff  subarea  and  the  upgradient  sifearea.  Benzene 
contributed  100%  to  the  inhalation  risk  estimated  in  fee  lower  bluff  subarea.  TCE 
contributed  100%  to  fee  inhalation  risk  estimated  in  die  pipdine  corridor  and  iqigradient 
subareas.  The  highest  risk  for  future  residents  as  the  result  of  dermal  absorption  during 
showering  is  5  x  10'^  in  the  lower  bluff  subarea.  The  dermal  absorption  risks  ate  due  largdy 
to  metals. 


0 


» 


» 
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A  potential  future  ingestion  of  groundwater  from  die  upper  unconfined  aquifer 
constitutes  the  highest  estimated  health  risks  for  OU  5.  HI  estimates  for  ingestion  of 
groundwater  exceed  1.0  under  RME  case  conditions  for  die  iqiper  aquifer  in  the  lower  bluff 
subarea.  Metals  ate  die  largest  contributor  to  die  overall  risk,  fdlowed  by  TFH  diesel. 

Arsenic  and  manganese  contribute  to  the  risk  at  die  lower  bluff.  > 

The  RME  excess  lifetime  cancer  risks  fm  ingestion  of  groundwater  from  the 
upper  aquifer  by  future  residents  range  from  3  x  10^  at  the  waste  paint  tank.  Post  Road 

► 


» 


Bwadoff  AFB  OU  S  aim  lUpait 


648 


Summary  of  Risk  Estimates  for  Groundwater 


(Continued) 


(Continued) 


Additive  0.02  0.03  NA  5  x  lO'  3  x  10^ 

Risk 


(Continued) 
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ooixidor,  and  folf  oourae  bcawcr  pood  subaroM  to  1  x  10^  at  the  lower  bluff  aidiuea. 

Araeaic  contributed  88  penent  oi  the  riak  foi  ingestion  in  the  tower  bluff  subarea. 

The  RME  additive  risks  exceeded  an  HI  1.0  and  equaled  an  excess  lifetime 
cancer  riak  1  x  10^  at  the  tower  Muff  subarea.  For  all  other  subareas,  the  additive  risks 
were  less  than  the  criteria.  The  ingestion  route  provided  most  of  the  additive  risk. 

Arsenic  is  a  contributor  to  die  calculated  risk  values  at  the  tower  bhiff  area. 
Background  levds  of  metals  were  not  sifetracted  from  the  risk  calculations.  The  maximum 
concentration  for  arsenic  in  the  tower  bluff  area  was  0.0QS4  mg/L.  In  conqnriaon,  well 
MW02  in  die  iqigradient  subarea,  which  had  an  arsenic  concentration  of  0.0018  mg/L,  would 
have  an  estimated  excess  lifetime  cancer  risk  of  4  x  10^  and  a  hazard  quotient  of  0.2. 
Consequently,  at  least  40  percent  of  the  excess  lifetime  cancer  risk  at  the  tower  bluff  area 
inobriily  results  firom  background  levels  of  arsenic.  The  organic  contaminants  ctmtribute 
qipwwimatdy  10^  to  10^  to  the  RME  excess  lifetime  cancer  risk  for  future  residents  exposed 
to  upper  aquifer  groundwater  in  aU  subareas  of  OU  5. 

The  risk  estimates  produced  for  the  upper  aquifer  are  for  a  future  residential 
scenario  over  a  lifetime.  This  is  a  highly  conserviuive  scenario.  It  is  very  unlikely  that  die 
upper  aquifer  at  OU  3  will  ever  be  used  for  domestic  purposes  because  of  low  yield  and  die 
availability  of  municqiol  or  military  water  supplies  from  other  sources. 

No  contaminants  of  concern  above  background  levels  were  detected  in  the 

lower  aquifer. 


foonadwater  RUa  fkem  ladividnal  Wells:  The  estimated  noncancer  and 
cancer  risks  (RME  only)  for  individual  monitoring  well  samples  for  ingestion,  inhalation,  and 
dermal  rinorption  are  shown  in  Tkble  6-13.  Figure  6-1  shows  the  additive  risks.  The  risks 
are  baaed  on  only  one  aanqding  event  per  well. 
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SuBUMury  of  Risk  Eetimaffa  for  lodirfdoal  Mooitoriiif  Wdls 
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llie  only  indivkiiial  wdl  to  have  an  HI  greater  than  1.0  is  SPlOl  in  ttie  lower 
bhiff  shbarea.  The  caoeas  lifetime  cancer  risk  for  wdl  SPlOl  is  1  x  10^.  All  other  wdb 
have  excess  lifetime  cmicer  risks  of  less  than  1  x  10^. 


Ndocancer  and  excess  lifetime  cancer  risks  for  dust  inhalation  are  estimated 
under  future  residential  caqwaure  over  a  lifetime,  and  are  shown  in  Table  6-14.  The  risk 
estimates  were  generated  using  very  conservative  assumptions.  The  actual  risks  are  probably 
mudi  less  for  the  reasons  discussed  in  die  ftdlowing  paiagnphs. 

Upper  bound  dust  concentrations  are  first  estimated  using  maximum  sitewide 
snrfece  soil  concentrations,  assuming  a  PM|o  equivalent  to  die  fedend  annual  standard  of  SO 
ftg/m^.  The  federal  standard  is  very  conservative,  because  local  PM^  measurements  for  die 
MOA  riiow  a  mean  of  annual  averages  fiom  1986  dirou^  1990  of  22.9  iiglnfy  and  a  range 
ci  17.1  to  31.3  fig/m’  over  the  S  years*.  Consequendy,  the  iqpp^  bound  risk  may  be  less 
than  60  percent  of  the  estimated  value  uring  die  federal  annual  standard  and  is  recalculated 
using  30  jig/m*.  It  is  also  highly  unlikely  diat  the  measured  ndw  would  entirely  come  fitom 
OU  S  sources;  instead  it  likely  is  contributed  to  1^  other  r^onal  sources  sudi  as  glacial 
flour  and  road  dust. 

Cunendy  residents  live  only  in  the  iqigiadient  subareas.  The  sitewide  surfece 
soil  concentratioos  dut  contributed  to  the  inhalation  risk  came  fiom  the  lower  bluff  subarea, 
ududi  is  not  oooqned  by  residences  and,  for  reasons  previously  enumerated  under  the  soil 
and  groundwater  padiways,  is  unlikely  ever  to  be  a  residential  area. 

The  risk  estimates  in  Table  6-14  are  based  on  an  eiqiosore  duration  of  275 
days  per  year  in  die  average  case  and  350  days  per  year  in  the  RME  and  maximum  screen 


9M,^laai  otaiMd  from  Mr.  Lwwte  Tiqrloc,  DapartmMt  of  HmaB  HmIUi  and  SecvicM;  MOA 
data  am  liRM  ivooidiaf  iMkm  at  7A  Avaone  and  C  SUwt,  AndiOfage,  Abuka. 
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cues.  Hie  soils  at  OU  5  are  fiozen  ud  covered  by  snow  for  half  of  the  year,  however. 
Such  wfinler  conditkMis  would  limit  the  wind  tian^iort  of  soil  particles  from  OU  S.  (Most  of 
the  winter  aiibome  dust  in  the  MOA  comes  from  sanded  roadways  and  meposed  glacial 
outwashu.)  To  account  for  tiie  snow  cover,  tiie  RME  risk  estimates  may  be  multqdied  by 
O.S  and  the  average  case  estimates  by  0.7. 

The  dost  inhalation  risk  estimates  can  also  be  put  in  perspective  by  examining 
die  chemicals  and  sanqdes  contributing  to  die  risk  estimates.  (Chromium  VI  and  barium 
contribute  86%  and  6%,  rcspectivdy,  to  the  RME  HI  for  noncarcinogens.  Arsenic  and 
chromium  VI  contribute  9%  and  91%,  respectivdy,  to  the  exceu  lifetime  cancer  risk 
estimate.  The  sanqdes  were  analyzed  for  total  metals  which  does  not  distinguish  between  the 
forms  of  chromium  (VI  and  m);  however,  the  higher  toxicity  valuu  of  chromium  VI  are 
used  in  generating  the  risk  values.  Quomium  m  is  die  most  stable  and  commonly  found 
ionic  torn  in  the  environment  (McGrath  and  Smidi,  1990);  so  it  is  unlikely  that  chromium 
VI  would  constitute  a  significant  amount  of  die  total  diromium  content. 

The  two  saiqdes  diat  generated  the  maximum  metal  risk  were  SL25S12A 
(barium  and  arsenic)  and  SL27S24N  (chrmnium).  Bodi  sampling  locations  are  in  die  lower 
bluff  subarea  in  a  very  wet  and  v^etated  area.  Mmsture  contents  for  the  two  sanq[)les  were 
84  percent  and  37  percent,  respectively.  Sanqde  SL27S24  wu  also  collected  from  the  12-  to 
24-indi  dqidi.  The  sanqiles  are  not  likely  to  contribute  to  dust  production  because  of  thdr 
high  soil  moisture  content,  vegetative  cover,  and  dqidi. 

Sediment  nod  SurCaoe  Water  Exposure  Pathways 

Risks  are  quantified  for  current  and  future  recreational  users  of  die  surface 
water  bodies  in  OU  S.  Assumed  eqmsures  for  incidental  ingestion  are  quantified  for 
duldren  only  because  adults  are  not  likely  to  play  in  the  ponds,  and  Ship  Credc  did  not  show 
any  significant  contamination.  Maximum  sediment  and  surfoce  water  concentrations  from 
OU  S  are  used  to  estimate  die  iqiper  bound  concentrations  to  eliminate  ejqxisure  to  sediment 
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and  aurfine  wa^  ai  a  pathway  of  ooooera.  No  background  metals  data  were  available  for 
sediment  or  suifooe  water;  oonsequendy,  site  coocentiatioos  were  not  screened  against 
background  levels.  The  risk  estimates  are  shown  in  Table  6-lS. 
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No  HI  values  exceed  1.0.  The  highest  excess  lifotime  cancer  risk  is  for 
recreatiooal  esqmaure  to  sediments  of  1  x  10^.  The  assunqttkms  used  in  diis  padiway  are 
h^y  conservative.  The  estimated  maximum  risks  are  for  a  child  jdaying  (swimming  or 
wading)  diiecdy  in  surfisoe  water  at  OU  S  and  coming  in  contact  with  die  sediments.  It  is 
assumed  that  a  diild  is  exposed  for  1  hour  per  day  for  26  days  per  year  over  a  S-year  period. 
During  the  course  of  the  fidd  effort  for  the  RI,  only  two  cfaikhea  were  observed  rafting  on 
the  ponds  and  two  were  observed  ooUecting  gdf  balls  ftom  Shq>  Creek. 

6.1.6  Unocxtaintks  and  AasunqUions 
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6.1.6.1  Unccrtaiiity  Factors 

Risk  assessment  as  a  scientific  activity  is  subject  to  uncertainty,  both  with  risk 
assessment  in  general  and  r^arding  an  understanding  of  the  site  or  site-qwcific  uncertainties. 
This  assessment  is  subject  to  uncertainty  pertaining  to: 


•  Sampling  and  analysis; 

■  Fate  and  tran^xnt  estimation; 

•  Bqwsute  estimation;  and 

•  Toxicdogical  data. 

Unoertamties  widi  sampling  and  analysis  include  die  inherent 

variability  (standard  error)  in  the  analysis,  rqxesentativeness  of  die  sanqiles,  samjding 
errors,  and  heterogeneity  of  the  sanqde  matrix.  While  die  QA/QC  program  used  in  the  RI 
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Tableau 


Summary  of  Risk  Screaning  Estimates  for  Sedfanciits 
and  Surfkce  Water* 


* 

'fmrfT^ffr-* 

W. 

„ '  MimI  ' 

'  SipQilHPt ' ' 
SlMN^ 

•mnw 

MNt 

ChHOfldilid 

QMMiMir 

UMhii 

^ —  — **■  -* 

SodittMtHl 

Raciwtiooal 

(child) 

tofeidoa 

0.3 

NA 

1x10* 

)4alalB(84%) 

PCB  (13») 
PAHb(3«) 

DwumI 

abaofpdoa 

0.5 

TTHdiaad 

(91*) 

8x10* 

NA 

Addidva 

Ride 

0.8 

NA 

2x  10* 

NA 

SwOoeWaMr 

Raemlioaal 

(diild) 

Incidental 

ingeadoo 

<0.01 

NA 

8x10* 

NA 

Dermal 

abicnpdon 

<0.01 

NA 

3x  10* 

NA 

Addidva 

Ride 

<0.01 

NA 

1x10* 

NA 

TM*  M.  Tlw  MliaHMd  ifaki  m*  fcr  a  child  (aariaadaf  or  aradhit)  diiactly  is  — ftca  wMar  at  OU  5  aad  caadaf  hi  natant 

aadhaa— .  >  hi  aa— ad  dwi  a  ddid  la  inpawd  fcc  Ihoar^dqrteMdajaparjraarawaraS-jwarpafiod. 
k  lilMiahMBf  aafota  aorihca  water  la  diwuiiii  hi  tag.  Addhtai  riafc  aqaala  dw  wtm  vftm  layrtwi  aad  diiwal  ihta. 
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*  saves  to  lediioe  Itaete  etran,  it  caowt  dimiwifi  aU  oion  saaodated  with  suqilinc  and 
anatyais. 

This  aaaeanaart  ande  aia^difyiiif  aasiuii|>tions  aboa  the  eoviraoiiiailal  fide 
and  tnn^poet  of  die  site  contaminants;  specifically,  that  no  contaminant  loss  or  tian^- 
mation  ooconed.  The  dMice  of  data  to  lepwaent  exposure  point  concentiaioos  is  an 
additiood  aouice  of  potential  enor. 

The  — of  eaposute  reqoiied  numerous  assumptions  to  describe 
potential  eqtosure  situations.  There  are  a  numba  <rf  uncertainties  regarding  likelihood  of 
exposure,  fiequency  of  contact  with  contaminated  media,  concentration  of  contaminants  at 
exposure  points,  and  dnie  period  of  caqwsure.  These  tend  to  sinqdify  and  approximate  actual 
site  conditioos. 

w  The  toxkxdogical  database  is  also  a  aouice  of  uncertainty.  The  EPA  outlined 

some  die  sources  of  uncertainties  in  its  CtddeUties  for  Carcinogen  Risk  Assessment 
(1986a).  They  include  cxtnqKdation  from  high  to  low  doses  and  from  animals  to  humans; 
^lecies,  genda,  age,  and  strain  differences  in  iqNakB,  metabdism,  organ  distribution,  and 
target  site  suaoqit3rility;  and  human  population  vaiialnlity  widi  reflect  to  diet,  environment, 
activity  patterns,  and  cultural  fitoton. 

Uncertainty  in  die  risk  assessment  is  a  fimction  of  the  "statoof-thoinactice”  of 
risk  assessment  in  general  and  also  a  function  of  die  uncertainty  spedRe  to  OU  5  in 
particular.  ThUe  6-16  listB  general  uncertainly  factos  in  risk  assessment. 
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The  nuyor  assunqrtions  used  in  this  assessmmt  are: 

•  Contaminant  concentrations  remain  constant  ova  the 
exposure  period; 
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Table  4-U 


IbicertalBly  FiMlors  fai  the  Hamaa  Health  Risk  Evaliiatioii  for  OU  5 
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anaanotlawdoan 
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nadHwtbMte  firic. 

AMMn  UMHiQf  at  low  dona. 

Critieal  toodeif^  vahm  m  fnanl 

hfayovnntM^oc 

Not  ril  vrian  taproom  a.  nma 
dagna  of  rartriaty.  All  na  fafajact  to 
efotoga  n  nw  avidana  baoomn 

Fh.aiinoU.riie. 

oodmatiwlo  riric. 

pharmnntlyiiaaiiri  ara  equivakait 

Not  ril  <aMricria  of  coBCM.  ten 
]UD.or  SF. 

riiU 

Haoia  naka  of  caqponn  to  aoA 

M.J  rnTmitiiiirir  riri- 
for  nil.. 

Saaipliag  anl  aniyai.  of  mbien  ur 
wn  not  coodactad. 

Eavonn  A«navliaM(TridM  6.6  • 

6.9) 

Mqrovnoriimeor 
iwtInBirtnriii  ikk. 

Anuplian  —g*****"!  u-gaation  laiao, 

bo^  wai^  ale.,  may  sot  be 

. . . 

IfqrovwMlinriBor 
aodHMtim.  riric. 

Don  aot  aoooimt  for  aamraumlal 
foto,  lianport,  or  dilatio.. 

Uadridnopoofca-dcri-ri,-. 

Uqr  ndMMrim. 
riric. 

Metal,  ia  growndwatar  wan  not 
■adynd  m  nma  nbanaa. 

Son.  Mdl  nnk.  nportMl  w  mt 
tni^  iMind  of  d^  nri^  vriM.. 

Maynaknitint. 

riric. 

Put  of  foa  nil  anapla  nnlia  wan 
lapoatod n wat wa^fot  Bofowetaad 

BqKMme  icnaias  constant  owcr  time; 


•  Sdecled  intake  imes  and  population  cfaaiacteristics  (for  exan^, 
wei^,  life  span,  and  activities)  are  representative  for  the  potentially 
exposed  population;  and 

•  All  intake  oi  contaminants  is  from  the  site>rdated  eaqnsure  media  and 
not  from  odier  sources  (no  relative  source  contribution). 

d.1.7  Svanaafy  and  Conqmriaoa  to  EPA  Bench  hferfcs 

The  bosciine  risk  assessment  is  an  evaluation  of  the  potential  public  health 
risks  posed  by  the  pipdines  and  other  identified  sources  at  OU  S  under  the  no-action  (no 
remedial  action)  ahemative.  Risks  are  evaluated  under  current  and  potential  future  site 
conditions,  (^irrent  uses  are  residential  for  tq)gtadient  subarea  surfece  soil  and  the  lower 
groundwater  aquifer,  no  current  use  for  the  tqiper  aquifer  (hence,  no  risk),  trench  worioer  for 
sidMurfeoe  soils,  and  recreational  for  sediments  and  surfece  water.  Future  uses  are  assumed 
to  be  residential  for  surfece  snl  and  groundwater  evaluations,  trench  worker  for  subsurfece 
soils,  and  recreational  for  sediments  and  surfece  water. 

Contaminants  of  potential  concern  are  identified  by  evaluating  the  toxidties, 
concentrations,  and  feequendes  of  detection  of  tiie  chemicals  during  the  RI.  The  nu^ 
contaminants  of  concern  are  TFH  gu,  TFH  diead,  JP-4,  benzene,  1,1,2,2-tettachloroethane, 
TCE,  and  metals.  For  tfie  purpose  of  tiiis  risk  amessment,  contaminant  concentrations  are 
assumed  to  remain  constant  doting  tim  duration  of  die  assumed  exposures. 

The  ffliqor  etqwsore  pathways  for  OU  S  are  identified.  Those  patiiways  that 
have  at  least  some  likdihood  occurring  under  current  or  potential  future  site  conditions 
indnde  the  following: 


•  Exposure  of  current  (upgiadient  subarea)  and  future  (all  other  subareas) 
residents  to  contamiinted  surfece  soil  tiirou^  direct  contact  Onddental 
ingestion  and  dermal  absorption)  and  inhalation  of  dusts; 
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•  Exponiie  cS  current  and  future  short-term  wnkers  to  contaminated 
subsurfitoe  soil  through  direct  contact  (dermal  absorptkm  and  incidental 
ingestion)  and  inhalatioo  of  vaprn  from  the  st^; 

•  Eiqwaure  of  current  (nearby)  and  future  readents  to  contaminated  lower 
aqinfier  groundwater  dirough  ingestion,  inhalation  (showering),  and 
dermal  contact  (showering); 

•  Eqwsure  of  future  residenta  to  contaminated  vpper  aquifer  groundwatm’ 
through  ingestion,  inhalation  (showering),  and  dermal  absorption 
(showering); 

•  EjqMsure  of  current  and  future  recreationists  (children)  to  contaminated 
sediment  through  ingestion  and  dermal  absorption; 

•  BiqxMure  of  current  and  future  recreationists  (children)  to  contaminated 
suifece  water  through  ingestion,  dermal  absorption,  and  inhalation  of 
vdatUes  feom  die  surfece  water;  and 

•  Ejqwsure  of  recreadonists  through  consumption  of  locally  caught  fish  in 
Shq)  Creek. 


Risk  estimates  are  devdoped  for  these  assumed  exposure  scenarios,  and  the 
results  are  summarined  in  Tables  6-10  through  6-15  and  6-17.  The  risks  summarized  in 
those  tables  are  based  on  maximum  concentrations  screening  for  subsurfece  soil,  surface 
water,  sediment,  and  some  surfece  soil,  and  on  average  case  and  RME  scenarios  developed 
for  groundwater  and  some  surfece  soil.  No  quantitative  estimates  of  eqiosure  by  fish 
consunqMion  were  made  because  no  significant  contamination  in  Shq>  Creek  was  found. 


Several  padiways  listed  in  Table  6-17  used  a  maximum  concentration  screening 
apptoadi  to  dinrinate  pathways  of  low  risk  to  human  health.  Consequendy,  the  risk 

luted  for  fee  surfece  soil,  subsurfece  soil,  surfece  water,  and  sediment  are  highly 
conservdive,  and  fee  actual  risks  are  probably  mudi  less.  In  most  cases,  one  eqiosure  route 
(usually  ingestion)  within  a  pathway  contributed  to  an  estimateo  risk  that  was  an  order  of 
magnitude  (lOx)  higher  fean  the  other  exposure  routes.  Consequently,  additivity  did  not 
increase  fee  overall  risk  for  a  given  pafeway. 
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TaUe6-17 


Sammary  of  Human  Health  Risk  Aasessnmit 


logMtiaB 


Inhalation 

Muffadbeiea 

Dernud 

Additive  Riaks 

htfnuiiwRim  COOOflft- 

Lageabon 

Riak  baaed  concen¬ 
tration  acteening  of 
todividtanl  dMBiicils 

Dermal 

Additive  Rid» 

Avenge  and  leaaon- 

lAb  iM«i—mi  expo- 

higeation 

(lowering) 

BtaMadiwf  An  OU  S  RVFS  Rupoft 


Hb  (RME)  <1.0;  ELX31  (RME) 

7  X  10*  at  lower  bhiif  wbaiea;  ELCR 
(AVE)  4  X  10*  at  lower  bhilf  lubaiea 


ma  <1.0;  ELCR  (RME)  9  x  10*  at 
lower  bhifraiifaaiea;  ELCR  (AVE) 

4  X  10*  at  lower  blnfr  aubaiea 


HI  (RME)  <  1.0;  ELCR  (RME) 

S  X  10*  at  lower  Muff  aubaiea;  ELCR 
(AVE)  4  X  10*  at  lower  Muff  aidMiea 


CoaoeatratkiDa  of  chemicala  leaa  Am 
laifet  ruk  levda  for  an  HI  of  1.0  and 
ELCR  of  10* 


<1.0;  ELCR  <10* 


Lower  AqMfor;  No  contanunanla  of 
confem  above  bedtgiound. 

Upper  Aqirifor:  ED  (RME)  exceeda 
1.0  and  ELCR  (RME)  liak  equala  10* 
at  lower  Muff  aubaiea.  WeU  SPlOl  is 
contributing  to  Ibe  riak.  The  risk  is 
largely  due  to  metals  that  may  be 
badt^raund levels.  ELCR(RME) 
equal  to  or  leas  dian  10*  for  other 


No  volatile 


Upper  Aquifer:  Hb  <  1.0;  ELCR 
(RME)  between  10*  md  10*  for 
upgiadient,  pq>dine  corridor,  lower 
bhiff,  and  gcdf  courae  beaver  pond 
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Table  6-17 


(Continiied) 
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»  No  oaotuniiHati  of 
Hb  <1.0;  ELCR 


(RME)  <10*. 


Addilhreltimi 


No 


of 


:  HI  (RME)  cxcMda 
1.0  «d  ELCR  (RME)  tim  equals  lO* 
at  fewer  btuff  aubanaa. 


Wa 


(canem/fnliin) 
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1  hoar  per  dqr 
for  26  days  over 
S  years 


InfeetioB 


HI  -  1.0;  ELCR  <10* 


Sae  Air  Pathway 


HI  <1.0;  ELCR  <10* 


Fuh 

Mfealfea 


No 


oonceBliatfeii  data  in  fish 
available.  No  aignificant 
in  Ship  Creek. _ 


Additive  RiMa 


HI  <1.0;  ELCR  <10* 


(GOtreat/futare) 
—  a<aild 
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1  hoar  per  dqr 
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tratfeo  scieeaing 


Ed  <1.0;  ELCR  equals  10* 


Dermal 


HI  <1.0;  ELCR  10* 


Additive  Risks 


HI  <l.(h  ELCR  2x10* 


Air 


(falaae)over  a 


Avetsfei 


caqx>- 


briahtfeo — 
dust  from 
soils 


HI  (RME)  -  1.0;  ELCR  (RME) 
2  X  10*  uaiag  very  conservative 
Risks  due  to  OU  5 
probably  oBch  leas.  See 
Section  6.I.S.3. 


vofetiWation 

from 


Qaalitattve  aaseasment  of  padiway 
— n-*  risk  to  be  very  low.  See 
text  See  Sectfen  6.I.4.2. 
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For  CKpoforet  to  caidaotei^  substances,  EPA  has  determined  that 
*aooqptable  eaqnwfe  levds  are  feneially  oofuentxations  that  represent  an  excess  upper  bound 
(RME)  lifttime  cancer  risk  to  an  individuai  oi  between  10^  to  10^  using  information  the 
relationship  between  dose  and  response.”  For  noncarcinogens,  "accqMabk  exposure  levels 
shall  represent  ooncentiatioos  to  which  the  human  population,  including  sensitive  subgroups, 
may  be  etqwsed  without  adverse  effect  during  a  lifetime .  .  .*  (EPA,  1989b).  In  other 
wnds,  egqwsures  to  noocarcinogens  cannot  exceed  Rfl>  intake  levds.  EPA  has  more 
recently  daiified  the  rde  of  risk  assessment  in  siqtpQfting  risk  managonent  decisions 
(1991c).  When  the  cumulative  carcinogenic  site  risk  to  an  individual  baaed  on  the  reasonable 
maximum  esqmsure  for  both  current  and  future  land  use  is  less  than  10^,  and  the  noocardno- 
genk  HI  is  leas  than  1,  action  is  generally  not  warranted  unless  environmental  impacts  exist. 
However,  MCLs  and  other  spidicable  or  relevant  and  qtprofniate  requirements  (ARARs)  are 
also  to  be  considered.  Fdr  the  State  of  Alaska,  a  policy  stating  vriiat  risk  levds  generally  do 
not  wanaitt  remediation  has  not  been  establiriied  by  ADEC,  and  may  be  different  from  the 
EPA  position. 


For  the  individual  exposure  pathways  in  this  assessment  (under  RME  assump¬ 
tions),  die  only  environmental  medium  containing  contaminant  concentrations  tiut  genoate 
noncancer  HI  values  exceeding  1,  or  total  excess  lifetime  cancer  risks  greater  than  1  x  10^, 
is  die  iqiper  aquifer  groundwater  over  a  lifetime  at  die  lower  bluff  subarea,  ^n  diis  scenario, 
future  exposure  of  residents  through  ingestion  of  groundwater  over  a  lifetime  is  assumed. 

The  estimated  risks  for  ingestion  of  iqiper  aquifer  groundwater  in  the  lower  bluff  subarea  are 
largdy  due  to  metals  (arsenic  and  manganese).  The  risk  assessment  is  based  on  only  one 
round  of  sampKng.  Additional  sanqding  may  show  dat  the  arsenic  levels  are  due  to  back¬ 
ground  levds.  The  arsenic  levds  (maximum  0.0054  mg/L)  in  die  iqiper  aquifer  groundwater 
at  OU  S  are  leas  than  the  federal  and  Alaska  state  drinking  water  standards  of  O.OS  mg/L. 

Organic  contaminants  contribute  a  total  of  10^  to  KX*  RME  excess  lifetime 
cancer  risks  for  future  resideots  through  ingestion,  inhalation  of  volatiles,  and  dermal  contact 
over  a  lifetime  ci  eqxMure  to  upper  aquifer  groundwater  at  all  subareas  of  OU  5.  Those 


I 


» 


» 
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Ofgiilic  cortMninaim  oontiflMitinf  to  the  luks  include  TFH  get,  TPH  diead,  benzene,  and 
TCE.  All  but  the  TCE  may  be  die  result  of  old  pqwline  leaks  at  CHI  S.  Ifowever,  the 
sources  oi  TCE  in  the  iqiper  aquifer  groundwater  appear  to  be  iqigradient  of  the  OU  5  study 
area.  Aldwiigh  excess  lifetime  cancer  risks  calculated  for  organic  contaminants  do  not 
exceed  10^,  both  benzene  and  TCE  levels  in  the  iqiper  aquifer  groundwater  do  exceed 
federal  and  Alaska  state  drinking  water  standards  of  S  mg/L. 

A  future  residential  scenario  for  the  iqiper  aquifer  groundwater  is  highly 
conservative.  The  upper  aquifer  at  OU  5  is  unlikdy  to  be  used  for  domestic  purposes 
because  of  low  yield  and  the  availability  of  other  piped  water  siqiplies  from  the  MOA.  The 
iqiper  aquifer  is  not  currendy  being  used  at  OU  5.  No  risks  were  identified  for  use  of  lower 
aquifer  groundwater. 


The  risk  esdmates  in  this  assessment  are  based  on  a  no-acdon  scenario  at 
OU  5  and  diey  could  be  mitigated  through  future  remedial  action  at  the  sources  and  study 
subareas. 


iJ,  Ffniftriral 

This  baadinc  ecdogical  evaluation  addresses  the  potential  risks  to  ecological 
recqUors  from  the  contaminants  in  OU  5. 


This  evaluation  is  based  on  the  fidlowing  nuyor  assumptions: 


No  remedial  actions  will  be  taken; 

The  media  of  primary  concern  ate  soils  within  1  foot  of  the  ground 
surfece,  sediment,  and  surface  water; 

For  the  purpose  of  risk  assessment,  future  chmnical  concentraticms  will 
not  diange  over  time; 
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•  Obittved  coaccrtnttiont  at  petroleum  and  metal  conuminanti  at  poiiitt 
of  eipotmc  woe  OMiiiiied  to  be  100  peioeiU  UotvaiUble;  and 

•  Future  land  uaea  will  be  siinilar  to  current  uaea.^ 

Thia  eotriogical  evaluation  is  baaed  on  the  data  ooUecled  during  the  remedial 
inveatigation,  uddeh  are  preaented  in  earlier  aectiona  of  thia  rqmtt.  The  fUlowing  sections 
are  the  moat  tdevMit: 


•  Sectlona  2.1  and  2.2  deacribe  ptoceduiea  used  in  the  fidd  inveati- 
gationa  Qncluding  aquatic  uid  terrestrial  ecological  surveys)  and 
dwmical  analyses. 

•  Sedkm  3.6  diacuaaea  the  ecok^ical  chanctetistka  of  aquatic  and 
terrestrial  communities  in  OU  S. 

•  Sectione  4.4, 4.5,  and  4.6  provide  information  on  nature  and  extent  of 
contamination  where  aquatic  and  terrestrial  lecqHora  were  surveyed. 

•  Seetkm  5.0  describes  die  concqitual  modd,  induding  sources, 
characteristics,  ideaae  mechanisms,  environmental  fide,  and  transit 
padiways  for  contaminants  in  OU  5. 


Other  sectioos  also  provide  information  concerning  die  site  diaracteristics  and 
die  nature  and  extent  of  contamination  that  was  considered  in  evaluation  of  ecological  risks. 


The  basdine  ecdogical  evaluation  was  performed  in  accordance  with  the 
following  guidance  documents; 


Msk  Assessment  (kiidance  for  Supetfond:  Vobme  n.  Environmental 
EvabtatUm  Manual  (EPA,  1989c); 

Suppkmenud  Ctddancefor  Supeifond  Risk  Assessments  in  Region  10 
(EPA,  199d); 


*llis  asHaptiaa  is  bsHd  oa  a  lelafhaae  ooavwHiiaa  wift  ADaa  Rkhmaod,  Mteal  fMonree 
piMuar  at  Etwadoff  AFB,  oa  Dacawfcar  1,  1992. 
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•  Handbook  to  Support  the  butaUatUm  Festonakm  Prognmt  (OP)  State-  ^  ^ 

mem  tifWork:  Vobaae  I— Remedial  btve^ioUm/PeasUtUUy  Saddes  * 

(RI/FS>  (USAF,  1991);  and  ^ 

•  Framework  firt  Ecolo^cal  Risk  Assessment  (EPA,  199a>). 


Hus  secboD  is  onsniiaed  to  present  the  evaluations  for  aquatic  resouioes  and 
for  terrestrial  resources  separately,  although  some  findings  6om  the  aquatic  surveys  are  used 
in  evaluating  risks  to  semi-aquatic  wikllifo.  Widiin  die  sections  for  aquatic  and  terrestrial 
resources,  the  following  topics  are  included: 


a 


I 


•  Selectfoa  of  Contaminants  screens  contaminants  identiffod  in 
Section  4  to  determine  which  ones  should  be  considered  fordier  in  die 

eodogkal  risk  assessment  * 

•  Eapoanre  Aareasmesri  evaluates  the  padiways  by  \riiidi  eaqxMures  can 
occur  and  estimates  die  magnitude  of  actual  or  potential  ecological 
ejqMSures  and  the  foequency  and  duradon  of  these  exposures. 

t  i 

•  Toddty  Assessment  presents  toxidty  information  available  on 
chemicals  of  concern  to  determine  tli^  potential  to  cause  adverse 
effects  in  aquatic  or  terrestrial  ecological  reoqMors. 

•  RUc  Cbaractoixatioa  integrates  die  eaqiosure  and  toxicity  assessments  » 

to  estimate  the  likelihood  of  impacts  to  ecological  recqitors  from 

enqiosure  to  OU  5  diemicals  of  potential  concern. 

•  CondnsioaB  and  limitationB  summarixes  die  basic  conclusions  of  the 

environmental  evalua&»  and  the  limitations  or  uncertainties  associated  « 

widi  the  data  and  methodcdogy. 


A^ntk  ScMorecs 


Aquatic  hdntats  and  founa  were  described  in  Section  3.6.1.  The  study  areas 
of  greatest  conoeni  are  ponds  and  drainages  along  the  foot  of  die  fewer  bluff,  the  golf  course 
beaver  pond,  and  Shqi  Credc.  These  areas  include  beaver  ponds,  wetland  ponds,  and 
drainage  ditches  diannding  OU  5  runoff  to  Shqi  Creek  as  shown  on  Rgure  4-10.  The 
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Mtuie  and  cgUeol  of  comnninatKin  in  theae  aquttic  batata  woe  deacittied  m  Sectiona  4.4 
aad4.S. 


Aaacaament  end^nta  (the  enviroaiaental  values  to  be  protected)  for  aquatic 
iwrfiiHo  the  following: 

•  bttegrity  of  aquatic  habilata  in  OU  S; 

•  No  inqncta  of  enviraomemal  coniaminanta  in  OU  S  on  aquatic  qwdes; 

•  Gonqilianoe  with  fodetal  and  state  ^)plicable  or  idevant  and 
appropriate  requifements  (ARARa); 

•  No  exceeding  of  ttnidty  levds  baaed  on  existing  scientific  literature. 
Measurement  endpoints  include  the  following: 


General  habitat  oonditkaia,  including  aquatic  bed  [danta  and  founa 
within  OU  5,  as  asaeaaed  diroog^  qualitative  and  quantitative  survi^s; 

Benthic  macnrinvettdtrate  t^wdes  diversity  and  density; 

EPT  Index; 

Evidence  of  impaired  ecosystem  health,  as  indicated  by  the  absence  of 
aquatic  plant  life; 

Contaminant  inqwcts  on  fish  and  invertebrates  from  laboratory  toxicity 
testing; 

Conqtariaons  of  observed  concentratioos.to  documented  effect  levds; 
and 

ConqMiison  of  observatioas  and  contaminant  concentrations  to  ARARs. 
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To  asKSt  the  potential  fior  advene  effects  on  aquatic  organians,  surihoe  water 
contaminant  concentrations  in  Shq)  Ciedc,  the  pcnds«  and  drainage  ditdies,  are  conqwred 
with  federal  Ambient  Water  Quality  Criteria  (AWQC)  (EPA,  1986d)  for  aquatic  life  protec¬ 
tion,  and  LQAEU  (45  FR  79318).  Alaska  Water  Oiality  Standards  (WQS)  (ADEC,  1991) 
are  also  consideied  for  diemical  dements  (zinc)  when  mote  strin^t  than  federal  standards. 
Tbe  AWQC,  Alaska  W(^,  and  LOAEL  values  used  for  this  assessment  are  preaented  in 
Tatde  6-18.  Site  conqiatisons  to  AWQC  ate  presented  in  Tables  6-19  through  6-2S,  ^diich 
list  die  concentrations  detected  in  sutfeoe  water  sanqdes.  These  tables  show  die  maximum 
concentration  of  the  potential  contaminants  detected  for  the  two  aanqde  events.  Also,  as 
indicated  on  the  figures,  the  federal  AW(X^  for  zinc  is  106  fig/L,  and  die  Alaska  W(2S  is  a 
more  stringent  47  ftgfL. 

While  AWQC  for  aquatic  life  protection  currendy  exist  for  some  PAHs  (for 
example,  mqdidudene,  fluoranthene,  and  phenanthzcne;  see  Table  6-18),  no  criteria  are 
available  for  other  PAHs  detected  at  OU  S.  In  lieu  of  diis  information,  the  criterion  value 
for  naphthalene  is  used  as  a  surrogate  for  anthracoie,  benzo(b)flootanthene,  benzo(k)fluotan- 
thene,  and  pyrene  (ThUe  6-26).  In  general,  toxicity  of  rdadvely  soltfole  PAHs  to  aquatic 
organisms  increases  with  increasing  molecular  weight,  to  a  point  where  low  water  solubility 
becomes  limiting  and  the  acute  toxicity  high  mdecular  wei^t  PAHs  is  reduced  (Eisler, 
1987b).  ThUe  6-26  sununatizes  die  available  feeshwater  and  marine  aquatic  toxidty  infor¬ 
mation  for  these  chemicals.  Based  on  diese  conqnrisons,  the  detection  of  each  of  the  PAHs 
found  in  OU  S  surfeoe  water  ate  wdl  below  acute  or  duooic  criteria  and  LOAELs  for  the 
protection  of  aquatic  life  and,  dietefoie,  will  not  be  evaluated  in  the  risk  characterization. 

The  BTEX  groiqiing  of  diemical  contaminants  was  detected  in  die  sutfeoe 
water  in  a  Muff  pond  (SWO^  at  concentrations  diat  exceed  die  Alaska  W(^  of  10  /ig/L  for 
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Table  ^18 


Ambient  Water  Qoalily  Criteria  for  Aquatic  Life  Proteetkm 

(af/L) 


Cbnlstfi 

jMesCrtMssr 

ChMiiils  (CkUsrfnr  I 

AImm 

7S0 

(13) 

87 

(13) 

Ati—y 

(12) 

^30 

(12) 

Aarnicm 

360 

(4) 

190 

(4) 

AmneOO 

8S0 

(4/ 

48 

(4f 

Bmam0 

5,300 

or 

— 

Bii(2-sl^^Ky0phlhrinB 

400 

(iir 

360 

(11) 

BfOMMlhm 

11,001/ 

— 

CsMan 

3.9 

(4f 

1.1 

GomMr 

IS 

(4Y 

12 

l,l<dkaionellMB 

118,000 

ctf 

20,000 

1,2-dkUonMaMB 

118,000 

Pif 

20,000 

I  fW*  I 

118,000 

pf 

20,000 

Btytmaaam 

32,000 

Pf 

Ftaonaane 

3,980 

Pf 

— 

boa 

— 

1,000 

(1) 

Lnd 

82 

i4f 

3.2 

(4f 

iteewy  Cwnsnc) 

2.4 

(4) 

0.012 

(4) 

NnMnlM 

2,300 

Pf 

620 

Pf 

at:  nfcial 

MaGSM 

1,418 

(<sf 

158 

(6f 

FkaasBlkfan 

/p/30 

(12) 

/p/6.3 

(12) 

Seieaium 

20 

P> 

5 

(8) 

Silvar 

0.92 

(11) 

0.12 

(11) 

1,1,2,2-lBtnGUocoaliMae 

— 

2,400 

Pf 

TohaM 

17,500 

Pf 

— 

l.l.l-tnUonwdHBB 

18,000 

Pf 

— 

TiiAlonwdgtaw 

45,000 

Pf 

21,900 

Pf 

Zm 

117 

Pf 

106 

Pf 

*  AmUtm  Witr  Oimit  jtr  fratKlim  tf  Ftwtknfmtr  A^mllc  l^fi.  Th*  Mrtt  dtoiaa  nflicti*  l-houravtogsaottob* 

MDMMaonOHaaMvtiMy  3  TwnMmwigi.  CferaiB  arimto*  wmt  ccnaiaioB  1110  b>  wcMfcJ  ■«» 

ttMOMMiaS  jwiiaa  temnfi. 

*  NaiMoaeiMi«anmaMttoMv*«MaMiQalaMioMl««K4Hl9efiMiMteafMlkifcpmiM<ioaferte>chMiieab. 

VdMtnflMkPMlHfWlidtakelilwili.  Vmm  45  Wt  79318.  IWO. 

*  lldiawi<|y>— <o»«MMiw<iaGrt(<»-l«»nnnMia(ll). 

*  CMiMiMiidqpMiMaBethHiH«efe»«Mr.  AMMH<hic<Mii  »  lOOai/L 

*  Criarifto  iiiwii*oae*>Haf*»waK.  Tfc»  iiwiil>Hi»74. 

*  tawMt  wiMwwi  ifltw  IwwI. 


hoa  *Qldii7  OMi  *r  TtaH*  (PM  loak}.  U-S.  VA  Mr  inn 
Mm  4S  HI  799IS,  NawteTS.  19W. 
lmi«  HI  St31,  VAnay  15,  t9M. 

Hoa  50  HI  307M.  hO  2f,  ins. 

Hoa  51  HI  2397>,  lia*  34,  ino. 

Hoa  51  HI  43MS,  OaMfea  3,  int. 

Haa»H10U,liMh3,  IH?. 

Hm  53  HI  177,  JMMfj  5,  ins. 

Ana  53  HI  inn,  Mbt  30,  ins. 
llaa53H133177,AHMi3(^  inS. 

HoaSSHt  inSS,liqr  14,  ino. 

AiUnai  iilarii  V  (PA  ifay  1,  ini,  Waa  QaBty  Oritaii  SaaMqr). 
ITA  440(54MQS,  AaMia  Waa  QaSqr  fa  AlaAaa,  ins. 
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Table  4-19 


BcaTcr  PmmI  (5SW13)  SuifMe  Watnr  Compared  to 
AmMoit  Watm*  Quality  Criteria  for  Aquatic  life  Protectioo 


B«ii» 

S3 

— 

1,000 

BacyUium 

0.61 

130P 

S.3‘ 

CqppBf 

21.9 

32* 

20^ 

bon 

39.2 

— 

1,000 

iMd 

0.7 

185* 

7.2* 

Nickal 

11.1 

2.441* 

271* 

Zinc 

S8.9 

202* 

183*/46* 

HMmm  (fflc/L) 

188 

Hot  •Muti  An  tMi*  miUbI*  to  •  OMMikal  MtiiMil  WMW  qaiHijF  eriMria  fer  aqMik  Efc  pMMlioa  fa  Am*  chMricali. 

VafeMonflMtloMMNraModoObetlwwIi.  i>RMi  4S  R  79311.  Wi»io*»M.  1910. 

CrilMiQB  li  otfoirilli4  kiii4  OM  ■NiiWo4  wMtr  koodoMi. 

CriMfioa  tmo  Aloiri  W«k  Qool9  liooilonli. 

MoMOMI  4MiOlo4  io  Otti  OMipKof  0^^001. 
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Table  6-20 

Golf  Cowse  Bca^  Fond  (5SW044S)  Sorfine  Water  Compared  to 
Aaridcat  Water  Qoaiity  Criteria  for  Aqimtic  Life  ftotectioa 


..... 

J8WIS: 

l.l>2.2-T«lniAlonMeMiiB 

4.3 

1.2 

— 

2,400 

AIwm 

249 

750 

87 

AfMiiic(lri) 

1.4 

1.2 

360 

190 

Amaic  (jpwt) 

1.4 

1.2 

850 

a 

Brnnm 

17.8 

26.S 

— 

1,000 

IM.— 

0.6 

— 

5.30(f 

- 

Copper 

— 

4.7 

33* 

21* 

Ina 

440 

2,720 

1,000 

LMd 

4.7 

191* 

7.5* 

llMllin 

0.8 

— 

1,400 

40* 

ToIihw 

0.7 

— 

17,50(f 

- 

TikUonel^kw 

6.6 

2.9 

45,000* 

21,900 

Zinc 

4.5 

39.9 

207* 

188*/47' 

H»inMi(n«/L) 

196 

215 

Nol  Mi  ««n  vnflMi  10  •  aHaMkal  iMiaail  wMw  qnlljr  criMfit  far  HMIfe  ifc  proMiM  far  *•••  ehtainla. 

VdoHMiMlIowHifiVoiMiakMtMoli.  nmi4Sni7»31>.  NeoMMrtt.  19t0. 

*  CiiMiMtatMi<ooMMMM4MMior*io<Mr(lMi^. 

*  CHMtaiftgaAhMWiMKQMiqrSiMMi. 
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Table  ^21 


Wctiaiid  Fond  (SSWOd)  Sorfbca  Water  Compand  to 
Ambient  Water  QmiHty  Criteria  for  Aquatic  Life  Protecthm 


Aneoic  (tii) 


Aneoic  (pent) 


Btrium 


Haidnett  (mg/L) 


t  Mw  •  oMiiiMl  miaMl  wMf  yidhjr  oriMri*  fer  I 
iMlw*.  hiMi4Sl«7nu.  NowMtarat,  19W. 
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Table  <>22 


Saewinelt  Fond  (5SW07)  Sorfboe  Water  Compared  to 
Ambieiit  Watm  Quality  Criteria  for  Aqwdic  Ufe  Protection 


Table  ^23 


Bhiir  Food  (5SW08)  Surftue  Water  Compared  to 
AoibieBt  Water  Quality  Criteria  for  Aquatic  Ufie  Protectkm 


fwAi» 

'  CltiMif  CrtiMiln 

l.l-OicUonwlhae 

2.3 

ii8,oo(r 

20,000* 

7 

_jO 

AkwMm 

1,190 

750 

87 

Annie  (tri) 

3.S 

360 

190 

Annie  (pnt) 

3.5 

85(r 

48^ 

Buinaii 

123 

— 

1,000 

Bnin. 

1.5 

5,30(P 

— 

1.3 

Copper 

7.2 

48* 

29* 

EOyllMune 

12 

32,000^ 

Iraa  4 

6,270 

— 

1,000 

JP-4 

770 

••• 

••• 

Lnd 

U.S 

8r 

ir 

NiphtiMlan 

1 

2,30(r 

62(r 

TFH<On 

400 

Tohme 

27 

i740(r 

— 

Xylne 

19 

— 

- 

Zioe 

36.9 

289* 

76ri4T* 

HwdnM  (ng/L) 

291 

- 

- 

*  LOBLfccU  WowiWfaafct  1.1  aoMnwiKliMi. 

*  WoewwnlidMi»w»iwllrtlilB<trit>«— irioalllniiilwiiwq—lity  ciitwi«tDcii|iirfrlifcp»oHctic«fcr*w»clHMifil«. 
VdMsnawtlovMlMraiMaflbMlMvIi.  Hraa  4S  FE  793U.  Novnbw24, 19M. 

CriMrioa  ii  nMMtrf  kaMd  M  iM  aiiMMd  «Mw  hifdaNi. 

*  Ctlliiioa  «w  AlMfci  Wmic  Qmaty  iwilinli. 

*  Tdri  >iy*OQiifc«Mifa  ^  mmm  colw  Adi  nt  wbmJ  15  m«/L.  or  0.01  limf  *»  lowwl  ■win  it  rortanm  flow  9ft4iiw  LC» 

Wiihgio««yi^iMtMt^«BiwiDiprtic»lirlocaio«.wMA»v»rBii»wlwlio«i«lo«>«c.  TomI 
ifPWMir  fcyJtoci«>aii«E»wMir  ■at  CTC»»<  10  IE/L,  or 0.01  ll—*»  !«>—*■■■  wwit  rntiwwit  flt>w  96-fcoiiT IX^ 

te  Ml  of  tM  MM  MMid**,  biofafiealjr  kipoMM*  ipwiM  ia  a  pMiwbt  ioMioa,  wfefaWvir  eoasMlnlioa  k  lopvw. 

CeaooMMioai  of  jyfcacMt 01,  or  ¥nM*l»oiliia  AoB  oot  oo—  lilmriooi  ogbon  lo  nortr  Bfc;  AoU 

■otoaoHofllai,  Aooa,orfiieolonliaaoaAoaHfeeoorfloorof*a««irko4yori4oiiiafAoniiaw.  AlookaWQS  1991. 
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Table  6-24 


Table  ^25 


Slip  Creek  SuifMe  Wata*  Compared  to  Ambient  Water  Quality  Criteria 

for  Aquatic  life  Protection 


CtoniMi 

Ctwic 

Oriteini 

01104 

JBWil 

mm 

S8WIS 

SSWII 

Atmumm 

3S0 

569 

315 

— 

750 

87 

Aatimoay 

— 

- 

— 

15 

/p/8r 

/pfxr 

AnnycCtii) 

2.1 

— 

0.7 

— 

360 

190 

AiMoic  (paot) 

2.1 

— 

0.7 

- 

tsv 

48* 

Bariom 

9.7 

11.2 

16.2 

72.1 

— 

- 

— 

- 

0.61 

130* 

5.3* 

Copper 

1.7 

9.8 

1.7 

— 

7.5^ 

5.4(6. l)^ 

bon 

58S 

863 

562 

161 

— 

1,000 

iMd 

— 

1.7 

0.7 

— 

25^ 

0.99(1.2)* 

Soteniim 

wtm 

0.54 

— 

- 

20 

5 

Tiiie 

- 

13.3 

— 

4.2 

55* 

50^/4r 

HerdoBM 

(ib*/L) 

41 

46 

76 

- 

Net  •■aiigk  dM  wm  to  dariv*  a  aatoariul  otohaal  waMr  qaaSljr  riitofia  fcr  aqualif  lito  pwtoctioa  tir  toav  fhaainli. 

ValMiMaKtIatoWInpaitodalhetIwata.  VRai«n793U.  Wi»togtotr24,  IWO. 

*  CriMiMMeaio«lMtdbaMdiaahHdMtoar4lM/L.  CriMria  baaadoaa  lMidMtoor46  w/Lan  in  panaten. 

’  Crilwwo  froai  Atotoa  Wator  Quality  »an1ndi. 

<  rtiTTianiai  i  -n-Ttornina  Huai  Tt-q  niilii^  |-ini  fiii  T-T-j.  TTTTT.  'T— "T.  iiiit  - . .  i-  inl  fiii  TT"'I1 

-  Ptopoaad  oiMa  aa  of  May  1. 1991.  SPA  Wtoar  Qaalky  Cfilaria  SuaMtp. 


EhMiitef  Ara  OU  3  Bl/FS  Raport 


6-84 


o  o  o  o  o  • 


Table  6-26 


Aqmttlc  Toxicity  Fotyqrdic  Aromatic  Hydrocarbwis 


AnOUSKimRipaft 


TaMe(.2< 


(CootiBiied) 


Itantfii^ 

wmtt 

•fr'  s' 

iUSBI 

Onuriutap 

(IWmmmmm^) 

a4haMn 

LCn 

3'70|ifa. 

Neff  1979 

SSraww^wMif) 

«6koMn 

LC» 

MOm^ 

BPA  1900 

rWcMloMmfty 

\MK0f^nKMV  JOfPaVQHJ 

24lMMn 

LC» 

930 

Neff  1979 

I 
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told  KWiMtic  kydracttboas  and,  therefoce,  will  be  evaluated  in  the  liik  efanaderiatioa 


Fuel  hydrocaibons  detected  in  the  nufaoe  water  include  JP-4  wd  TFH^as.  In 
certain  wittuicea,  die  total  aromatic  hydrocaiboos  in  surfime  water  exceeds  Alaska  WQS  of 
10  /tg/L.  In  diese  instances,  fuel  hydiocatbons  in  suiftce  water  will  be  evaluated  furdier  in 
die  risk  chaiacterixation. 

The  semivolatile  oonqxiund  4-niediy4)hea(d  (p-crestd)  was  detected  in  one 
suifMe  water  aanqde  (SW08)  at  7  ^ig/L,  which  is  bdow  the  24  hour  LCjo  (lethal  concentra¬ 
tion  of  30%  of  test  population)  of  4000  /tg/L  for  trout  onbryos,  and  will  not  be  evaluated 
further  in  die  risk  diaracterizadon. 

Metals  found  in  the  surface  water  can  be  ctunpared  to  AWQC,  and  to 
background  surface  water  concentradons  in  Sh^  Creek.  The  aquatic  toxicily  of  some  metals 
(sudi  as  aluminum,  cadmium,  copper,  lead,  nickBl,  and  zinc)  dq^ends  on  the  hardness  of  the 
surfiKX  water.  Since  the  hardness  of  the  OU  3  ponds  and  Ship  Creek  varies  (41  to  291 
mg/L,  as  cahauim  carbonate),  the  toxicity  of  metals  will  vary.  Tables  6-19  through  6-23  list 
the  AW(y:  for  metals  based  on  the  actual  hardness. 

In  general,  in  die  beaver  pood  (SW13)  at  seqi  SL29,  acute  and  chronic  criteria 
were  exceeded  for  copper,  and  zinc  exceeds  dironic  criteria  based  on  Alaska  W()S 
(Thble  6-19).  For  surfKe  waters  in  the  gedf  course  beaver  pond  and  the  snowmelt  pond, 
aluminum  and  iron  exceeded  dironic  criteria  (Tables  6-20  and  6-22).  SurfKe  waters  in  die 
wedand  pond  c«eeded  the  chronic  criterion  for  iron  (Table  6-21).  Bluff  pond  acute  and 
chronic  criteria  were  exceeded  for  aluminum,  while  only  chronic  criteria  were  exceeded  for 
iron  and  lead  (TaUe  6-23).  Chronic  criteria  were  exceeded  in  the  drainage  ditch  surface 
waters  for  cadmium  (Table  6-24).  Chronic  criteria  were  also  exceeded  for  aluminum  in  Ship 
Creek  (TaMe  6-23). 
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Ovoyi,  inofganic  dements  thd  exceeded  avdlaUe  AWQC  mdude  aluminum, 
cadmium,  copper,  iron,  lead,  and  zinc.  These  elements  will  be  consideied  ftirdier  in  die 
toxicity  assessment  Odier  inorganic  dements  such  as  calcium,  magnesium,  manganese, 
potassium,  and  sodiinn  are  macro-  or  mkronutrients  or  nontoxic  dmnents  (Reimer,  1984). 
Because  these  elements  are  considered  harmless  and  generally  nontoxic,  they  will  not  be 
evaluated  ftirther  in  the  risk  assessment 

Sediments 

Sediment  concentrations  of  concern  for  OU  S  were  derived  using  die  AWQC 
and  an  equilibiium  partitioning  i^iproach  for  those  organic  compounds  delected  in  the 
sediment  This  s^iproach  is  consistent  with  dut  used  by  EPA  in  die  development  of  sediment 
quality  criteria.  A  basic  assumption  is  that  esqiosure  occurs  primarily  to  die  dissolved 
fractioo  of  chemkd.  By  knowing  what  concentration  of  a  nonpolar  chemical  is  protective  in 
surface  water,  the  protective  concentration  in  sediment  can  be  estimated  by  knowing  the 
chemical-specific  partition  coefficient  for  organic  carbon  to  water  (K«),  and  die  mganic 
carbon  content  of  the  sediment.  This  qiproach  is  conservative  in  that  it  assumes  surface 
water  ooncentiations  are  in  equilibrium  widt  sediment  concentrations,  such  as  in  the  ponds 
and  wetlands,  aldioogh  an  unlikely  occutience  in  a  moving  stream  sudi  as  Ship  Creek.  The 
equation  (EPA,  1988d)  used  for  the  derivation  is  as  follows: 

=  K«  X  AWQC  X  10«kg/g 

triiete: 

Cat  »  sediment  concentration  of  concern  (/tg/g  mganic 

carbon) 

Ka  »  partitkm  coefficient  for  organic  carbon  to  water 

AW(2C  -  inotective  surfiitte  water  concentration  (/tg/L) 

lO'^kg/g  »  unit  conversion 
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The  ledimart  coocentndoB  of  concern  expressed  in  terms  of  micrognuns  of 
chonkal  per  gram  tA  organic  caihon,  can  be  normalized  to  die  particular  sediment  of 
concern  by  multiidying  with  the  organic  content  (OC)  of  the  sediment  as  fidlows: 

Sediment  concentration  of  concern  (as  iifAcg  sediment)  »  x  OC  (as  g/kg) 

The  default  organic  carbon  content  of  the  OU  S  sediments  is  assumed  to  be 
3.0%  (30  g/kg)*. 

The  sediment  concentrations  of  concern  for  PAHs  and  odier  nganic  com¬ 
pounds  detected  in  sediment  during  the  RI  are  given  in  Tifoie  6-27.  The  conqMrison  of 
sediment  concentrations  delected  at  OU  5  with  die  doived  concentrations  of  concern  is 
discussed  in  die  risk  characterization  section. 


€ 
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Because  no  reliable  s^proaches  currendy  exist  for  predicting  surface  water  ^ 

concentrations  of  metals  and  odier  inorganic  conqxwnds  from  sediment  information,  no  sedi¬ 
ment  levels  of  concern  for  inorganic  elements  are  derived  using  this  qiproadi.  Instead, 
surfoce  water  conoentrations  measured  during  the  Rl  are  assumed  to  be  indicative  of 
eccdogical  esqKMures  to  metals.  ' 

Table  6-28  provides  a  summary  of  the  site  contaminants  diat  were  selected  for 
further  evaluation  in  die  risk  assessment  for  aquatic  resources.  Phemd  in  sediments  was  not  ^ 

included  because  die  one  rqwrted  concentration  (72  ppb  at  5SE09)  was  an  estimated  level 
well  below  the  detection  timit  of  420  ppb. 

6J.U  Expeaure  Aawinrnt 

An  exposure  pathway  describes  how  a  contaminant  may  move  fttmi  its  source 
to  a  reoqtlor  (a  potentially  ejqmsed  organism).  A  conqilete  eiqiosure  pathway  has  five  ^ 

*B«ed  oa  ben  jodgOMat  of  TOC  conleal  of  pond  Mduncot. 
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Toxicity  of  Sediments  to  Aquatic  Orgai^aM 
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Table  6-28 


Summary  of  Data  Sources  and  Contaminants 
in  Aquatic  Media  Selected  for  Further  Evaluatkms 


Surftoe  water  (Tables  6-19 
throng  6-25) _ 

Sediment  (Table  6-27) 


Pud  hydrocaiboos,  PAHs,  aendvdatiks,  BTEX, 
alunanum,  cadmium,  copper,  iron,  lead,  and  zinc 

PCB  (Aiodor  1260),  anduacene,  fiid  hydrocar¬ 
bons,  and  xylenes  (t^) 
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primary  dements  (EPA,  1992a): 


A  diemical  source; 

A  mechanism  fw  release; 

An  environmental  medium; 

An  exposure  point  (reoqNor  location);  and 

A  feasible  route  of  exposure  (for  example,  dermal  contact/absorption). 


Contaminant  sources,  release  mechanisms,  and  migration  pathways  have  been 
inesented  in  Sections  4  and  5.  Potential  exposure  points,  exposure  routes,  and  recq>tors  are 
evaluated  on  a  site-qwcific  basis.  An  exposure  pathway  is  complete  if  there  is  a  reasonable 
likelihood  that  a  receptor  may  take  in  contaminants  through  contact  with  contaminated  media. 
No  exposure  (and  thus  no  risk)  exists  unless  the  exposure  pathway  is  complete. 

The  possible  current  and  (uture  txposxxt  pathways  for  OU  S,  based  on  a 
current  understanding  of  the  site,  are  presented  on  Figure  5-4  for  potential  exposure  path¬ 
ways  for  ecdogical  recqxors.  The  potentially  complete  exposure  pathways  to  aquatic 
recq)tors  sdected  for  assessment  are  discussed  in  the  following  sections. 

Surface  Water  and  Near  Surface  Groundwater  Exposure  Pathways 

Aquatic  plant  and/or  animal  exposures  to  surface  water  contaminants  can  occur 
through  ingestion  of  watm*  by  aquatic  organisms,  through  dermal  contact  with  and  absorption 
of  contaminated  water,  or  by  direct  metabolic  uptake  dirough  roots  or  gills.  Contaminants 
have  been  detected  in  surface  water  and  shallow  unconfined  groundwater  in  the  lower  bluff 
area.  Shallow  groundwater  amid  expose  boithic  organisms,  or  discharge  into  nearby  surface 
watCT  bodies  where  exposures  can  occur.  In  addition,  contaminants  may  migrate  to  surface 
water  bodies  through  poiodic  surficial  runoff. 
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Aquatic  piants  are  potenrially  exposed  to  site  contaminants  oonoetn  through 
aretabdic  iqMake  if  their  roots  penetrate  contaminated  sediments.  Aquatic  niiiMia  could  be 
eaqwaad  to  contaminated  sediments  through  dermal  contact  and  through  inadvertent  ingestion 
during  normal  feeding.  The  frequency,  duration,  extern,  and  route  ttfe^qnsuredqiend  on 
die  particular  activity  of  die  recqitor  and  the  location  of  the  activity. 

Aqoatle  Receptors.  Important  aquatic  receptors  include  fish,  aqutoic  inverte- 
Inales,  and  freshwater  vqtetatkm  inhabiting  Ship  Creek,  the  gdf  course  beaver  pond,  the 
beaver  pond  (at  aetp  SL29),  and  the  snowmelt  pood.  Although  die  odier  poods  and  drainage 
ditches  support  aquatic  insect  populations,  they  are  not  considered  to  be  significant  ecc^ogical 
aquatic  habitats.  The  most  likely  teoqMors  are  fish  ami  invertebrates  residing  in  Shq>  Creek, 
and  more  invertebrates  in  the  ponds.  Fish  were  not  observed  to  inhabit  the  ponds  widiin 
OU  S,  apparendy  because  of  the  lack  of  suitable  hriiitat,  and  not  because  of  toxic  effects.  It 
does  not  appear  diat  the  anadromous  Padfic  salmon  qiecies  qiend  apfneciable  amounts  of 
time  as  fry  or  juveniles  in  the  vicinity  of  the  study  area,  due  to  die  absence  of  suitable 
rearing  haintat  in  the  OU  S  reach  of  the  river.  Also,  upstream  fish  passage  is  effectively 
blocked  at  die  Elmendorf  AFB  hatdioy  dam.  Although  salmon  eggs  and  sac-fry  in  reds 
could  be  affected  by  exposure  to  OU  5  discharges,  no  salmon  pawning  or  reds  were 
observed  in  die  OU  5  reach  of  Shqi  Creek.  Therefme,  these  migratory  qiecies  are  not 
considered  significant  potential  recqitms  at  risk  from  OU  5  contaminants  of  concern. 

Potentially  important  Shqi  Credt  recqMors  include  the  resident  gamefish, 
nongame  fish,  and  invertebrate  qiecies  using  the  credt  habitats  adjacent  to  the  study  area. 
The  Elmendorf  AFB  firii  hatdiery  salmon  fry  and  smolts  can  also  be  considered  important 
reoqitoni  in  the  surfece  water  runoff  pathway^.  The  fish  qiedes  observed  that  use  diis 
section  of  the  oedc  (above  die  fish  hatdiery  dam)  include  rainbow  trout  and  slimy  sculpin. 


I 
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IDeWnaiMd  of  Shu>  Cmk  wear  by  haldMiy  from  triapbomi  coovemiioa  widi  Dnyt  Keifer, 
Pliwmlnrf  AFB  Iwlcliwy  noMfer,  on  Deoenber  11, 1992. 
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Alttough  not  obiefvod,  Dtdly  Varden  may  alao  iqmaent  a  pototfud  veoqMor.  Iraimctant 
lendent  aqmdic  iiivertel»ates  observed  ak»g  diis  section  of  Shq*  Credc  include  taxa  firom  the 
Olden  lE^iliemecopten  (fiunilies  Baetidae,  Q^hemerdlidae,  and  HqMafenudne),  necoptera 
(fimdlkt  Chloroperiidae,  Nemouridae  and  Perloidae),  Ttichopiea  (fiunilies  (Boasoaomatidae, 
Hydropaychidae,  and  Limnqihilidae),  DqMen  (fiunily  Chironomidae),  and  dass  CBigocfaaeta 
(Lumbficiilidae,  I'fiadkiae,  and  Tubificidae). 

In  genoal,  pond  life,  including  aquatic  bed  plants  and  aquatic  invertdtiates, 
are  alao  potential  recqnon.  Inveftd)ntB  residents  of  the  golf  ooune  beaver  pood  included 
DqMen  (fiunily  Chironomidae)  and  class  CMigochaeta.  Organisms  fiom  the  inttderant  ordn 
^hemeroptera  (fiunilies  Baetidae  and  HqMageoiidae)  were  alao  noted.  The  cladocenm 
Dcfiaia  cf.  /wfisc  was  alao  present  in  this  pond.  Macroinvertebrate  populations  fitom  the 
wcdand  pood  (MIOtS)  consisted  almost  exclusively  of  organisms  firom  the  order  DqMera 
(&mily  Chironomidae)  and  class  (Bigodmeta  (fiunilies  Lumbriculidae,  Niadidae,  and 
Tutufiddae).  Invertebrates  firom  the  snowmdt  pond  iqxeaented  dass  Crustacea  (order 
Cladocere),  and  order  DqMera  (fiunilies  CSiironomidae  and  Culiddae).  The  blufif  pond  had 
an  invcrtdaate  assemblage  similar  to  the  snowmdt  pond,  excqH  fior  the  Chironomidae, 
which  were  not  noted. 

6^.14  Toaddly  Aaaeasment 

The  toxicity  of  chemicals  oS  concern  is  described  in  relation  to  aquatic 
reccptora  in  this  section.  Bodi  acute  and  dironic  exposures  are  considered.  Acute  exposure 
is  considered  only  in  die  absence  of  chronic  criteria. 

In  order  to  assess  the  likelihood  of  toxidty  to  surfiace  water  life,  measured  sur- 
fine  wder  concentrations  were  conqxued  to  AW(y^,  established  by  EPA  for  protection  of 
aquatic  lifis.  The  Alaska  W(^  for  zinc  was  considered  because  it  is  more  stringent  dian 
fiederal  standards. 
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The  iaitiel  loeaiiag  oi  sile  coaduninenti  (Secdon  6.2.L1)  and  expoeure 
pethwqpe  ^eetion  6.2.1.2)  reduced  the  conteminanti  ai  ooooexn  to  dioie  listed  aad  described 
in  die  Iblloiwhif . 


Fuel  hydrocarbons 

—  TFH  gas 

—  TFHdiead 

—  JP-4 

Other  organics 

—  PCBs 

—  xytene 

—  anthracene 

Inorganics 

—  aluminum 
cadmium 

—  copper 

—  iron 

—  lead 


FM  Hydrocarbons 

TFH  gas  was  detected  in  the  surface  water  and  sediments  of  die  bluff  pond 
(SW/SBOS),  the  grdf  course  beaver  pond  (SB04  and  SE05),  and  die  wetland  pond  (SE06) 
(Figure  4-10). 

TFH  diead  was  not  found  in  die  surfoce  water,  but  was  detected  in  die 
sediments  of  die  gdf  course  beaver  pond  (SB04  and  SBOS),  die  wetland  pond  (SE06),  and 
the  bluff  pood  (SE08). 

JP-4  was  detected  in  the  surface  wmn  of  die  bluff  pood  (SW08)  and  in  the 
sediniem  of  die  golf  course  beaver  pond  (SEOS). 
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The  pceienoe  of  these  hydrocaiboos  caused  films,  shens,  and  diaocdoiation  of 
the  waters  <rf  the  golf  course  beaver  pond,  wetland  pond,  and  Muff  pond.  Based  on  this 
presence,  the  criteria  the  Alaska  WQS  are  exceeded.  The  discussioa  of  Uboratory 
hioasays  later  in  this  section  indicates  acute  and  chronic  toxicity  of  sediments  in  the  golf 
course  beaver  pond;  however,  it  is  not  clear  if  fud  hydrocarbons  are  the  direct  cause  of  the 
tnoassay  results. 

Other  CHganics 

FCBs  (1,600  Mg/lv)  were  detected  at  a  toxic  concentration  in  the  snowmelt 
pond  (SE07)  sediment  sample,  above  the  sediment  level  of  cmcem  of  223  /tg/lcg 
(Table  6-27). 


Xylene  (1,100  /ig/hg)  was  detected  in  the  golf  course  beaver  pond  (SEOS) 
above  the  endpoint  (LC50)  toxicity  value  for  total  xylenes  of  972  /tg/kg  (Table  6-27).  It  was 
also  detected  in  the  bluff  pond  (SEOS)  at  6,200  /ig/kg  and  in  the  wetland  pond  (SE06)  at 
3,700  /igAcg. 


Anthracene  (230  mS/Iq)  was  detected  in  the  wetland  pond  above  the  sediment 
level  of  coocon  of  82.8  iniPs%  (Table  6-27). 

hMMganics 

Ahmtfamm  was  detected  in  creek  and  pond  surface  waters  at  concentrations 
that  exceed  AWQC.  In  Ship  Creek,  aluminum  was  d^ected  at  the  reference  sample  station 
at  380  ftg/L,  which  exceeds  the  AWQC  of  87  /tg/L  for  chronic  exposure.  At  sample  station 
SW02  Qmmediately  upstream  of  the  fish  hatchery),  aluminum  was  detected  at  569  /ig/L.  It 
qipears  that  if  aluminum  was  indeed  toxic  at  the  concentrations  rqxnted,  creek  invertebrate 
populations,  and  potentially  dw  hatchery  fish  stocks,  would  be  at  risk  from  chronic  oqwsure. 
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Although  atumimim  occurs  at  high  background  levels  in  Alaskan  soils,  the  nature  and  toxicity  I 

(tf  aluminum  concentrations  detected  in  the  study  area  surface  waten  are  uncertain. 

Cadmium  was  detected  in  the  surface  water  of  drainage  ditch  SW09  at 
1.4  fig/L,  which  exceeds  AWQC  by  only  0.3  (igfL.  This  ditch  is  at  the  downgiadient/  * 

downstream  end  of  OU  S  and  does  not  pose  a  risk  to  important  aquatic  recqNrm  widiin 
OU5. 

I 

Coppor  was  detected  in  surface  water  at  one  pond  (SW13)  and  one  Ship  Creek 
sanqde  station  (SW02)  at  concentrations  above  AWQC.  Based  on  die  voy  slight  exceedance 
oi  AWQC  in  die  creek  (0.3  /ig/L  above  AW(X^,  it  is  assumed  that  aquatic  recqitors  within 
OU  S  are  not  at  significant  risk  from  copper;  however,  the  copper  concentrations  will  be  ' 

evaluated  during  risk  jharacterizadon. 

bmi  was  detected  at  concentradcms  above  AW(X^  of  1000  /tg/L  in  the  golf  i  • 

course  beaver  pood,  wetland  pond,  snowmelt  pond,  and  the  bluff  pond  (see  Section  4.4. 1). 

The  high  concentrations  may  be  associated  with  the  inadvertent  sample  collection  of 
su^Knded  particulates  and  iron  bacteria  associated  with  near  sur&ce  groundwater  seqis. 

This  aasunqition  is  made  based  on  the  associatimi  of  bluff  groundwater  seqis  with  high  iron 
concentrations  found  in  the  background  soils  whoe  the  seqis  occur.  From  the  same  surface 
water  sam|de,  die  soluble  fraction  of  iron  in  die  bluff  pond  was  detected  at  a  concentration  of 
309  ng/Lt  whereas  the  total  iron  was  detected  at  6,270  |tg/L.  The  absence  of  sufficient 
dissolved  iron  concentration  information  for  the  ponds  makes  the  resolution  of  iron  toxicity 
uncertain.  Iron  will  be  evaluated  further  in  the  risk  assessment. 

Lead  was  detected  in  surface  water  at  one  pond  (SWD8)  and  cme  Ship  Creek 
sanqik  station  (SW02)  at  concentrations  that  exceed  AWQC.  Lead  in  the  bluff  pond  (2.4 
ftg/L  above  AW()C)  may  be  associated  with  dte  suspected  diqiosal  of  fly  ash  in  or  near  this 
pood.  The  lead  in  Ship  Crude  (only  0.5  /tg/L  above  AWf^C)  may  be  associated  with  the 
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inooflqriete  combustion  of  fiiei  by-products  washed  off  Post  Road  into  the  creek.  Lead 
concentrations  will  be  evaluated  in  the  risk  characterization  section. 


Zinc  (S8.9  iL%/h)  was  detected  in  surface  wata  at  one  pond  (SW13)  at  a 
concentration  that  may  exceed  Alaska  WQS  (47  mS/L)-  However,  based  on  the  relatively 
high  liatrin«»M  of  the  surface  water  (188  mg/L),  it  is  assumed  that  important  aquatic  recq>tors 
are  not  at  significant  risk  from  toxic  concentrations  of  zinc. 

Laboratory  Bioassays 

Toxicity  test  results  were  presented  in  Section  4.S.2.4.  The  results  of  the 
acute  tmddty  tests  show  that: 

•  The  surface  water  and  sediment  samples  from  Ship  Creek  and  the 
drainage  ditch  (SW09),  were  not  acutely  toxic  to  the  test  q)ecies;  and 

•  The  sediment  from  SE04  at  the  golf  course  beaver  pond  was  acutely 
toxic  to  the  test  qwcies. 

Based  on  the  acute  toxicity  test  screening  of  selected  surface  water  and 
sediment  samples  in  the  spring,  chronic  toxicity  tests  were  conducted  on  surface  water  and 
sediment  sampled  from  the  golf  course  beaver  pond  in  the  late  summer.  The  chronic  toxicity 
tests  were  conducted  because  of  the  acute  toxicity  of  the  sediments  at  sample  station  SE04, 
and  because  of  die  strtmg  fuel  hydrocarbon  odor  detected  at  the  opposite  end  of  the  pond  at 
SW/SBOS.  The  results  of  the  chronic  toxicity  tests  show  that: 

•  The  surface  water  samples  wme  not  chronically  toxic  to  test  ^qpecies. 

•  Sediment  sanqile  SE04  was  not  chronically  toxic  to  Byaletta  azteca 
based  on  significant  difference  testing.  However,  HyaleUa  growth  was 
iqi(»oximately  41%  of  the  laboratory  control  weight,  indicating  that  the 
statistical  analyses  may  be  inapproiviate  for  toxicity  interpretation. 
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Sediment  senqiie  SBQS  was  chiookally  toadc  to  Hyaktta  atteea.  This 
samide  caused  a  leductioo  in  HyakUa  survival,  also  indicating  acute 
toxicity. 


Based  on  diese  ie«ilts,  it  appears  that  aquatic  recqMtm  are  at  risk  from  die 
coooentratioas  of  fuel  hydrocarbons  and  vtdadles  (total  xylenes)  detected  in  the  sediment  at 
die  gdf  course  beaver  pond.  Results  of  die  lab(»atory  toxicity  testing  program  are  in  Section 
4.5. 


6^.1.4  Risk  Characterization 

The  aquatic  habitats  of  concern  ate  those  near  contaminant  sources  and  those 
ecologically  coupled  to  contaminated  areas.  Surface  water,  near  surface  groundwater,  and 
sediment  sanqding  results  have  indicated  elevated  concentratiras  of  contaminants  of  concern 
to  eccdogical  receptors.  The  following  discussttm  evaluates  the  potential  risks  to  aquatic 
tecqUms. 


Aquatic  Exposure  Pathway  Risks 

Beaver  Ptuid  (SW/SE13).  No  organic  contamiruuits  were  delected,  other  than 
an  unknown  hydrocarbon  (8.5  mg/kg)  in  the  sediment.  (Copper  (20.1  /tg/L)  exceeded 
AW(2C,  and  zinc  (58.9  fig/L)  exceeded  Alatia  WQS,  indicating  potential  toxicity  to  aquatic 
animals.  No  toxicity  tests  were  conducted  on  surface  water  and  sediments,  and  no  definitive 
conduaioos  can  be  made  about  risk  to  aquatic  recqitors  (macroinvertebtates  and  aquatic  bed 
idants,  no  fitii),  because  of  limited  chemical  toxicity  data.  However,  aquatic  invertebrates 
(Z>qplMe  wpp.)  were  observed  in  die  wat»  column  during  samiding  activities,  indicating  a 
finmcaUe  environment  for  die  qiedes  (see  Section  6.2.2  for  discusnon  of  potential  stress  to 
tenetiiial  [rqwruui  zone]  jdants). 

Golf  Course  Beaver  Pond  (RW/SEM  and  SW/SE05).  ^Mfidi  the  excqition  of 
surfitoe  oil  sheens  at  the  nordieast  end  of  the  pood  at  SW05,  organic  and  inorganic  elmnents 
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detected  in  die  nrftoe  water  do  not  ^ipear  to  iqxesent  risk  to  aquatic  reoqplors.  Fw 
instance,  firee-swinuning  aquatic  insects  (DapMa  spp.)  were  observed  in  this  pond,  where 
the  iron  (2720  was  detected  above  chronic  criterion.  However,  as  iaboiatmy  toxicity 
test  results  indicate,  sediment  toxicity  at  SE04  may  be  apparent,  sime  the  growth  of  test 
qwdes  was  measured  at  less  than  half  that  of  the  control  qtedmens.  Sediment  was 
chronically  toxic  to  test  qtedes  at  SEQS  and  resulted  in  reduced  survival. 

Based  on  a  comparison  of  the  sediment  levels  of  concern  (Table  6-27)  to 
contaminant  detections  in  the  pond  at  SBOS,  (»ganic  contaminants  exceed  endpoint  toxicity 
values  f(M  total  xylenes.  Additionally,  at  SE04  and  SEOS,  JP-4,  TFH-dieael,  and  TFH-gas  in 
die  sediment  are  assumed  to  be  at  levels  adverse  to  aquatic  life  protection,  aldmugh  no 
criteria  other  than  LCjo  values  for  fuel  hydrocarbons  in  solution  (see  Table  6-38  in 
Terrestrial  Assessment)  are  available. 

In  general,  based  on  the  results  of  laboratory  toxicity  tests,  detection  of  total 
xylenes  (1,100  above  endpoint  toxicity  ^72  ngneg),  visible  oil  sheens  and  odors,  fuel 
hydrocarbon  concentrations  in  the  near  surface  ground  water  above  LCw  endpoint  values, 
and  die  results  of  qualitative  and  quantitative  boiUiic  macroinvertebtate  analysis  (RBP  I), 
aquatic  recqUtns  (aquatic  bed  plants  and  macroinvertdirates,  no  fish)  are  clearly  at  risk  in 
die  northeast  end  of  the  pond  (at  SE05),  as  indicated,  in  part,  by  the  restricted  community 
structure  of  midges  and  aquatic  worms.  At  the  southwest  end  of  the  pond  (SE04),  there  are 
indications  of  stress  to  aquatic  recQittvs,  based  on  toxicity  bioassays  and  macroinvertebrate 
data  from  the  RBP  I  assessment  and  analysis  of  quantitative  samples.  Potential 
contamination  could  be  ficom  contaminant  drift  toward  the  southwest  (downstream)  end  of  the 
pond  fitom  die  nordieast  end.  IRiwever,  it  may  be  more  likely  diat  die  fuel  hydrocarbon 
concentrations  in  the  sediment,  t^h  are  less  than  those  found  at  the  opposite  (nmthwest/ 
iqMtream)  end  of  die  pond,  are  the  cause  for  risk  to  aquadc  receptors. 

Addidonally,  aquatic  bed  plants  were  not  observed  during  die  spring  sanqiling, 
and  were  observed  to  be  just  budding  out  of  the  sediment  during  the  late  summer  sanqding. 
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Bued  OB  the  obeervance  of  mature  aquatic  bed  plants  in  a  nearby  pond  (old  power  {riant 
oooBng  wtter  pond),  it  qtpears  that  the  occurrence  ctf  contaminants  (tf  concern  (fuel 
hythocaibons)  in  the  sediment  could,  in  part,  be  limiting  {riant  growth.  Sedimentation  oi  the 
pond  bottom  may  also  be  the  cause;  however,  sediment  tran^Kirt  and  increased  turbidity 
were  not  observed  to  occur  even  during  heavy  tains.  The  cause  of  a  reduced  growth  patton 
of  aquatic  bed  plans  is  not  clear  but  may  be  from  the  sediment  contaminant  load.  More 
investigation  would  be  required  to  determine  the  cause. 

Wetland  Pond  (SW/SEOQ.  TFH-gas  (110  mg/kg),  TFH-dieael  (7,400 
mg/kg),  total  xylene  (3700  ng/kg),  and  anthracene  (230  ugHcg)  were  detected  in  the 
sediments,  and  xylene  and  anthracene  exceeded  the  endpoint  toxicity  values  of  972  iig/kg, 
and  82.8  ngfkg,  reflectively,  for  sediment  level  of  concern.  Also,  fuel  hydrocarbon 
concentrations  in  die  near  surface  groundwater  (at  nearby  seqis  SL16  and  SLIT)  were 
detected  above  LC50  endpoint  values. 

Aquatic  recqiton  at  this  shallow  wetland  {xmd  site  are  limited  to  aquatic 
insects  and  emergent  wetland  vegetation.  (Qualitative  and  quantitative  analyses  of  benthic 
macroinvettebrates  indicate  a  restricted  community  structure  of  midges  and  aquatic  worms, 
but  not  as  restricted  as  that  noted  in  the  golf  course  beaver  {wnd  site  MI05.  Still,  the  benthic 
conununity  structure  re{nesents  tolerant  taxa  diat  can  generally  withstand  adverse  conditions. 

Based  on  these  observadrms,  and  the  absence  of  organic  contaminants  down¬ 
stream  (Sh9  (}reek  at  SW/SE03),  it  is  concluded  that  risk  to  aquatic  recqriors  from  organic 
contaminants  in  this  pathway  is  restricted  to  this  localized  wetland  pond  environment. 
Downstream  aquatic  recqiton  in  Ship  Creek  do  not  appear  to  be  at  risk,  because  die  wetland 
pond  contaminmts  fipear  to  be  bound  in  die  sediment 

&wwnidt  Fimd  (SW/SE07).  PAHs  were  detected  in  die  sediments,  but  at 
concentrations  well  bdow  sediment  concentrations  of  concern.  Organic  dmnical  concentra¬ 
tions  detected  in  the  near  surface  groundwater  are  also  below  contaminant  levels  of  concern. 
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PCBs  (Aiodor  1260)  were  delected  in  the  sediments  at  1.6  mg/kf ,  v^iich  is  ^xvve  the 
sediment  kvd  oi  oonoem  of  0.223  mg/kg.  PCBs  may  accumulate  in  the  sediments  after 
sur&ce  a|iplication  or  The  aquatic  recepttm  in  this  pond  (benthic  macroinvertdnates) 
would  i^pear  to  be  at  risk  from  exptMure  to  PCBs  m  the  sediment  from  contact  with  the 
PCBs,  or  ingestion  of  the  contaminant.  However,  the  presence  of  chiionomids  at  the  water/ 
sediment  imerfree  would  suggest  that  the  contaminant  is  not  biologically  available,  or  the 
organisms  present  are  highly  resistant  to  the  contaminant.  Larsson  (1984)  disaisses  PCB 
iqMake  and  bioconcentration  by  chironomids  suggesting  that  the  organisms  may  be  resistant. 
This  article  also  suggests  the  importance  of  these  organisms  as  transporters  of  the 
contaminant  to  higher  food  chain  organisms  such  as  fish,  diving  ducks,  and  insectivorous 
birds  (chiionomid  adults). 

Based  on  the  extent  of  chemical  contaminants  of  concern  in  this  pond,  namely 
PCBs,  it  does  not  appcat  that  aquatic  receptors  other  than  the  bendiic  macnrinvertebrate 
community  are  at  risk.  No  fish  are  present,  and  the  water  depth  inhibited  the  observation  of 
aquatic  bed  plants,  if  any.  A  risk  to  aquatic  receptors  downstream  (Ship  Creek  downstream 
of  Yakutat  Street)  could  occur  if  a  significant  section  of  the  beaver  dam  colhpsed.  The 
sediment  (with  PCBs)  could  be  incked  up  by  tire  water  rushing  out  of  the  pond  through  the 
dam  breach.  The  sudden  discharge  would,  in  part,  follow  drainage  ditches  to  Shq*  Ctedc 
and  dqwsit  tire  contaminants  in  die  creek  bed  whoe  anadromous  Pacific  salmon  have  been 
observed.  However,  the  extent  of  the  PCBs  in  the  local  ptmd  sediments,  and  the  long-term 
integrity  ci  the  beaver  dam  are  unclear.  A  more  focused  investigation  of  the  pond  substrate 
nd  PCB  contaminant  load  would  be  necessary  to  eliminate  the  uncertainties  of  diis 
ssttssmcitt* 


Blnfr  Fond  (SW/SE08).  Lead  (14.8  ftg/L)  and  TFH-gas  (400  ngfL)  were 
detected  in  the  surface  water  above  AW()C  and  Alaska  W(^,  reqrectively.  Xylene 
(6,2(X)  MS/kS)  exceeded  the  sediment  level  of  concern  of  972  ^g/kg.  Fuel  hydrocarbons 
TFH-<fiead  (1,100  mg/k^  and  TFH-gas  (700  mg/kg)  were  also  detected  at  high  concentra¬ 
tions  in  the 
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The  auntie  ncepbon  at  risk  in  diis  waterbody  are  limited  to  aqumic  insects. 
The  invertebniB  community  associated  with  the  water  cedumn  were  colicids  (moaquilo  ptq«) 
and  cbulooetans  (water  fleas)  (RBP I  qualitative  samplii^.  The  dadocerans  are  routindy 
used  as  Inoassay  organisms.  Their  presence  in  the  walm  column  would  suggest  that  at  least 
the  water  itself  was  not  acutely  toxic  to  the  organisms.  No  organisms  associated  with  the 
sediments  were  collected. 

Based  on  observatitm  of  the  flow  patterns  during  light  to  moderate  rain,  it 
appears  that  contaminant  runoff  from  the  bluff  pond  could  be  washed  out  from  this  pond  and 
flow  down  die  bluff  to  the  drainage  ditch  at  sample  station  SW09,  whidi  in  turn  flows  west 
to  Ship  Creek.  However,  die  contaminants  could  also  be  npdly  diluted  widi  stormwater 
runoff  before  they  entered  Ship  Creek.  Therefne,  aquadc  locators  downgradient/ 
downstream  of  this  potential  contaminant  source  may  be  at  risk.  Furthm  investigations 
would  be  necessary  to  eliminate  unemtainties  of  this  assessment. 

Drainage  Dttches  (SW/SE09  and  SW/SEIO).  Cadmium  (1.4  ng/L)  was 
delected  at  sam(rie  station  SW09  in  the  surface  water  at  a  concentration  above  the  AWQC  of 
1.1  fig/L  (baaed  on  assumed  hardness  of  1(X)  mg/L).  However,  baaed  on  hardneu  values  of 
a  nearby  iqigradient  pond  (bluff  pond  hardness  «  291  mg/L),  it  is  suqiected,  that  cadmium 
in  the  drainage  ditch  surface  water  is  not  chronically  toxic  to  downstream  aquatic  recqitors. 

nienol  was  die  only  organic  compound  detected  in  the  sediment  samjde  (SE09 
at  72  mg/kg).  The  source  of  the  phenol  in  the  sediments  is  unclear;  it  may  be  runoff  from 
the  Uuff  pond.  No  significant  aquatic  recqitors  are  at  risk  at  these  locations,  although  the 
drainage  ditdies  provide  a  padiway  for  contaminant  runoff  to  Shqi  Creek. 

Slip  Creek  (SW/SEOl,  02,  <D,  11,  and  SE12).  Lead  (1.7  /tg/L)  and  copper 
(7.8  Mg/L)  were  detected  in  the  sur&ce  watm*  slighdy  above  AWQC  at  SW()2.  No  other 
organic  or  inorganic  contamiiuuits  of  concern  woe  detected  in  the  creek  surfKe  water  or 
sediments  above  AW<2C,  LOAELs,  or  sedimoit  levels  of  concern.  Lead  was  not  detected  in 
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the  sm&ce  waier  at  the  lefereaoe  site  (SWOl);  however,  it  was  detected  at  aanqde  statkm 
SW02,  whidi  leoetves  ninoff  finmi  Post  Road.  Because  lead  has  been  used  as  fiid  atkhdve, 
the  souioe  may  be  from  background  levels  caused  by  the  incomi^etB  combustion  oi  fuels 
from  vehicles.  The  source  of  the  elevated  copper  concentration  at  SW02  is  not  clear.  The 
results  of  acute  toxicity  tests  and  qualitative  and  quantitative  analysis  of  benthic 
macroinvertebrate  populations  indicate  that  aquatic  recqMors  at  this  sanqile  station,  or  Ship 
Creek  in  general,  are  not  at  risk  from  OU  S  contaminants  of  concern. 

Based  on  community  diversity,  taxa  richness,  and  numerical  abundance, 
bendiic  mactoinvertdrrate  populations  remained  relatively  constant  The  changes  in 
community  structure  and  fruiction  were  considoed  more  indicative  of  eutrophication 
processes  and  probably  were  not  associated  with  OU  S  contaminants  of  concern. 

6,2.1.5  Conchisions  and  Limitatioiis 

Aquatic  habitats  surveyed  during  the  1992  RI  surveys  for  the  ecological  risk 
assessment  are  similar  to  those  observed  during  the  1991  Eodogical  Survey  (CH2M  Hill, 
1992c)  and  those  described  by  Rothe  et  al  (1983).  The  conclusions  are  limited  by  the  level 
of  detail  in  whidi  the  aquatic  habitat  conditions  were  surveyed. 

Indications  of  aquatic  ecosystem  impacts  were  found  in  some  pond  environ¬ 
ments,  as  shown  by  oil  sheens,  shweline  oil  sludges,  frid  odora,  the  absence  or  arrested 
development  of  aquatic  v^etadon  in  several  surfrce  water  bodies,  the  reduced  cmnmunities 
ci  benthic  mactoinvertd»ates  in  the  northeast  end  of  the  golf  course  beaver  pond  (compared 
to  die  southwest  end  of  the  pond),  and  the  results  of  laboratmy  toxicity  tests.  The  ^iparent 
absence  of  any  resident  fish  species  in  the  golf  cmirse  beaver  pood  (SW04-()S)  and  snowmelt 
pood  (SWOT)  may  have  been  caused  by  contaminants  of  concern,  although  it  is  more  likely 
diat  diesB  kiwer  bluff  beaver  ponds  have  been  inaccessible  to  fish.  The  causes  inhibiting 
growth  of  the  aquatic  plants  in  the  golf  course  beaver  pond  could  not  be  determined,  but 
sjipcared  to  be  something  odier  than  oxygen  dqmvation  caused  by  sedimentation.  The 
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mpammce  of  rtunted  aquatic  plaiit  growth  may  be  from  the  cumulmive  eflects  of  potential 
contaminants,  or  die  t^aence  of  a  sufficient  nutrient  load  (for  exanqde,  phoqihorus  and 
nitrogen)  to  enhance  aquatic  plant  growth.  The  data  are  not  adequate  to  reach  definitive 
conclusions  about  die  causes  of  limited  aquatic  plant  growth. 

The  risk  characterization  indicated  diat  the  most  likdy  impacts  of  contaminants 
on  aquatic  ectdogical  receptors  in  OU  S  would  be  caused  by  the  following: 

•  Dermal  contact/absmption  of  fuel  hydrocarbons,  andiracene,  and  total 
xylenes  in  certain  po^  sediments  to  benthic  macroinvertebrates;  and 

•  Metabolic  uptake/inhibition  effects  of  contaminants  of  concern  in  pond 
sediments  to  aquadc  bed  plants  and  emergent  v^etadon. 

These  conclusions  are  limited  by  the  data  (toxicity  tests  and  AWQC),  that  are 
not  adequate  to  assess  potential  risks  of  a  particular  contaminant,  or  muld[de  contaminants, 
by  multqile  exposure  routes;  and  because  organisms  were  not  analyzed  for  potential  tissue 
uptake. 


Comparing  observations  during  the  aquatic  ecological  survey  and  conclusions 
of  risk  characterization  to  ARARs  indicates  that  federal  water  quality  criteria  and  Alaska 
W(2S  for  Aid  hydrocarbons  are  not  being  md  in  die  golf  course  beaver  pond  (SWQS)  and  the 
bluff  pood  (SW08). 

6,2,2  Terrestrial  Resources 

Terrestrial  habitats,  v^etation,  and  fiiuna  wee  described  in  Section  3.6.2. 
ftiefly,  tiie  areas  of  greatest  concern  are  between  the  bluff  (located  soutii  of  Kuff  Road  and 
Second  Street)  and  Ship  Creek.  These  areas  include  a  range  of  wooded  to  grass  and  sedge 
hdntats,  interspersed  with  many  open  watm*  bodies  and  wetlands,  as  shown  on  Figure  3-14. 
Ihe  nature  and  extent  of  contamination  in  these  habitats  was  described  in  Section  4,  and  the 
concqitual  modd  was  presented  in  Section  S. 
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AiMMUMMit  cndpointt  (the  enviioimie^  values  to  be  protected)  for  terreterial 
recqUon  iochide  the  foUowing: 


•  Integrity  oi  wildlife  habitats  in  OU  S; 

•  No  significant  impacts  of  environmental  contaminants  in  OU  S  on 
wildlife  ^wcies;  and 

•  Conqdiance  with  federal  and  state  ARARs. 

Measurement  endpoints  include  tbe  foUowing: 

•  General  habitat  conditioos,  including  vegetation  and  animals  wiUiin 
OU  S,  as  assessed  through  qualitative  surv^s; 

•  Evidence  of  impaired  ecosyston  health,  as  shown  by  plant  stress  or  by 
actual  or  potential  contaminant  inqncts  on  plants  and  animals  through 
coaqtatiaons  of  observed  concentrations  to  documented  effect  Icvds; 

and  ^ 

•  Comparison  of  observations  and  contaminant  concentrations  to  ARARs. 

Sdectkm  of  Site  Contaminants 

Several  screening  criteria  were  used  to  identify  which  of  the  contaminants 
rqxnted  at  OU  S  are  not  likely  to  produce  adverse  ecological  dfects  and  which  should  be 
evaluated  in  more  detail.  The  screening  methodologies  used  consovative  assumptions  so  that 
potential  adverse  effects  are  not  likely  to  be  undmestimated.  These  assumptions  include: 

•  100%  of  an  animal’s  diet  is  composed  of  soil; 

•  100%  of  an  animal*!!  diet  is  fit»n  contaminated  areas;  and 

•  Selected  criteria  are  generally  from  studies  on  the  most  sensitive 
spedts. 
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Beaune  of  thew  inlentiOBal  biawf,  aaeeoing-levd  assessments  am  be  a|>propriate  for 
identifying  unlikely  potential  in^MCts  and  selecting  diemkals  for  further  analysis,  but  cannot 
be  used  to  show  that  an  inqnct  is  likdy. 

Diiea  measuronents  of  sol  gasses  are  not  available  to  assess  potential 
inhalation  hazards  to  small  mammals  (for  examj^,  voles  and  shrews)  that  live  in  shallow 
burrows  diroughout  the  bluff  area. 

Vi^xm  of  sdected  volatile  organic  chemicals  were  measured  in  the  s(^  gas 
survey  as  indicalon  fat  die  locations  where  sdls  and  groundwater  would  be  analyzed  from 
soil  borings  and  monitoring  wells  (see  Sections  2.1.2  and  4.1).  The  soil  gas  sanqiling  was 
accooqdished  with  on-site  analyses  that  were  intended  only  for  screening  purposes;  the 
analyses  are  not  considered  to  be  of  sufficient  quality  that  th^  can  be  used  for  risk 
aiiiieiMinent. 

It  was  possible  to  estimate  contaminant  concentrations  in  some  other  portions 
of  OU  S,  however.  Concentrations  of  various  contaminants  in  the  vapor  {rtiase  of  an  air 
space  in  sol  were  estimated  frcmi  measurements  of  contaminant  concentrations  in  soil  or 
groundwater. 

Estimates  were  made  for  the  maximum  detected  concentrations  of  contaminants 
in  sols  where  {dant  stress  was  obsoved  (Table  4-^)  and  in  shallow  groundwater  analyzed 
during  die  soil  gas  survey  (Section  4.1).  Although  the  seal  gas  survey  analyses  woe 
perftvmed  at  an  on-sile  laboratory,  and  the  results  were  intended  oidy  for  screening 
purposes,  die  groundwater  analyses  are  considered  to  be  of  sufficient  quality  fw  the 
estimations  beiiig  made  here.  The  fcdlowing  assumptions  were  made  for  both  the  soil  and  the 
groundwater  concentrations: 

•  Equililnium  conditions  exist;  concentrations  of  all  jdiaaes  are  constant 
overtime; 


f  incir  idatioiiahips  exist  between  tbe  concemitfions  of  cotttamiiiaiits  in 
the  thiee  phases;  and 

No  air  odiange  occurs  with  the  anface  air. 


For  calculations  based  on  gtoundwater  concentratioos,  Henry’s  Law  was 
applied.  Henry’s  constant  is  the  propwtiooality  constant  between  the  liquid  phase  concentra¬ 
tions.  Values  for  Henry's  constants  were  selected  ftom  an  on-line  database  (HSDB,  1992), 
excqit  that  values  for  the  fod  mixtures  woe  obtained  from  the  literdure  (BEIA,  1989). 

For  calculations  baaed  on  ami  concentratioos,  the  soil  distribution  constant  was 
input  The  on-line  database  was  the  source  of  the  constants  fm  the  single  conqxxinds.  A 
range  of  values  was  avaiUble  for  mixtures;  die  most  conservative  nuniben  (contaminant 
preferring  water  and  viq»r  phase  to  soil  phase)  were  selected  (Arthur  D.  little,  Inc.,  1987). 
Once  water  cortcentrations  were  calculated,  Henry’s  Law  was  applied.  Soil  calculations 
required  a  value  for  the  organic  carbon  in  sml  and  a  relatively  low  value,  0.5  percent,  was 
selected. 


Estimates  for  the  fods,  gasdine,  jet  fod,  and  diead  were  made  assuming  that 
the  fods  have  constant  properties  (Hdiry’s  constant  and  organic  carbon  partition 
coefficient).  In  foct,  these  mixtures  have  compositions  that  vary  depending  on  die  fod 
grade,  and  vary  over  time  as  die  different  factions  migrate  and  transform.  The  mote 
vdatile  fractions  will  vdatilize  at  a  greater  rate  than  the  heavier  fractions. 

The  calCTilaled  maximum  soil  vqxir  concentrations  for  diemicals  measured  in 
groundwater  are  presented  in  Tdile  6-29  and  diose  for  diemicals  measured  in  amis  from 
plant  stress  areas  are  presented  in  Table  6-30.  In  eadi  of  these  tables,  die  maximum 
calculated  concentrations  are  oonqiared  to  acute  and  chronic  exposure  effect  levds  by 
inhalation  in  mammals  Onsofar  as  data  are  available).  Excqit  for  fod  hydrocarbons,  all 
estimated  maximum  concentrations  in  soil  vtqior  are  bdow  die  exposure  effect  levds,  and 
only  fod  hydrocarbons  will  be  considered  further  through  tbe  inhalation  pathway. 
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^  Table  <-29 

Compariaoo  of  Eerimatad  Marinwm  SoO  Vapor  ConooBtratioiis 
From  Groundwater  to  Acuta  and  Chronic  Exposure  Infect  Levds 

by  Inhalation  Mammals 


niHf% 

IriiMiAWI- 

KaMMmiaMtlAMli  1 

_ _ _  .-..■buN^^ _ 

*XiSr* 

asiuw 

.i.SMUI:' 

..Cliinitiif.' 

eat-l^-acUDfoadMOB 

3.37B-03 

33 

7.30 

63,000(2-^ 

ND 

BBIA,  19t9 

tnoa-l^-iikUataellMBe 

6.72E4D 

9 

2.47 

73,000  a-hr) 

ND 

BBIA.  1909 

l.l.l-TriehloKMlhuM 

•.00043 

2 

0.63 

73,710  (1(M^ 

737 

VanobuMOi,  19t3; 
Piwwfatgi*  at  al,  1967 

TrichjwocdinttCr 

1.03B-0a 

12 

3.03 

29490  (104ir) 

>3,927 

SagO,  1971;  BEIA, 

1909 

TatHwhloioathaiw 

1.49002 

0.06 

0.04 

33436  (44tf) 

ND 

BBIA,  19t9 

S.SOB-09 

•2 

It 

31,036 

2432 

BBIA,  1909;  NTIS, 

1909 

Totucne 

6.64003 

170 

46 

19,9«1  (Utf) 

ND 

NIOSH,  1973 

EdiylMBanB 

•.4«S4>3 

310 

107 

17460  (4^) 

4440 

Aadttamctal,  19tl; 
HaidM  at  al,  19tl; 
BBIA,  1909 

Total  xykoM 

7.04003 

630 

Itl 

21,700  (4^) 

3,409 

BBIA,  19«9;  NTS. 

1990 

TVHC(C*<r 

3.60003 

310,000 

117,000 

133,000  (3-iBiB) 

1,619' 

BBIA,  1909;  HSDB, 
1992;  MacFkiland  at 
al,  1904 

TVHClCiMr 

2.90004 

11,000 

130 

7 

130F 

BBIA,  19t9;  HSDB, 
1992 

•  Tcul  xihtite  ttgimfmi  tyJracufcoM. 

«Noo>M«v4«4»«wi«abetlw»»lnilnalMi<MaOi^Mi»(r»nlliiMili.  199^. 
*ToMl<nlrthl>y*m«tflMwi>i«lh»  Wiiflfdwwlfcylwifirtwi. 

‘La— *B>t*i<ilwi«ahc«liiwl.XM<y  ■(TtnlfaWili.  199^. 

ND  -  lolMHiiM 


ShMudorf  An  OU  S  Rl/FS  Saport 


6-109 


# 

I 

'♦) 


> 


I 


» 


I 


» 


» 


» 


► 


Table  ^30 


CompariMm  ot  Maxtanom  Fartmafed  Soil  VapcM*  Coooentnttioiis 
From  SoOs*  to  Acute  and  Chronic  Expooure  Effect  Levds 
by  lithaittriftn  in  Mammals 


_sz 

MmSukCmR 

itm 

M 

. 

"55f* 

fuieoi 

iipvi 

:cM#: 

SMM 

31 

14.9 

96.13 

32 

31,036 

23S2 

■BU.  1909;  NTB, 
1909 

TohMM 

«.64B4a 

93 

63.9 

134  J3 

37 

19,901  94u) 

7 

NUSH.  1973 

t.44B4D 

330 

393 

314.40 

109 

17360  (44m) 

4340 

AadnwiMal, 

1901:IlM6M«al. 
1901;  UlA.  1909 

ToidxjrlnM 

7.04849 

204 

0360 

0196.00 

2360 

21,700(444 

3.409 

■BIA.  1909;  708, 
1990 

OaaoliBi 

S.MB4a 

63 

670,000 

2.060,000 

472,000 

133,000 

1.619> 

UIA.  1909; 

HSD8, 1992; 

MPfeiMMal, 

1904 

DM 

2.90844 

962 

720,000 

130.000 

1,700 

7 

150 

DnllMlikA,  1992 

*  Dm  Am  StetiM  4.C.1 . 

*  Inhluhil  ia  vwy&n  ti—  wqfonii. 

'  Wo  ofcMfwJ  uBtal  Irwl  rilfiMiJ  1 330  m$fmf  (IVillwfciito.  19W). 


High  coooentntioiis  of  PAHs  (3,0S0  MS^hg)  woe  found  in  s(^  within  2  feet 
of  the  suifece  at  SB29  (Section  4.2).  The  cooceatiatioa  is  adequate  to  {oovide  a  potential 
risk  to  ei^oaed  terrestrial  animals.  Risk  was  established  by  the  comparison  of  a  literature- 
derived  toxicity  value  for  chronic  exposure  (0.002  mg/kg  body  weight  [bw],  Eisler,  1987a) 
to  the  observed  sdl  concentration.  As  a  simplifying  assumption,  it  was  assumed  that 
100  percent  of  the  material  is  benzo(a)pyiene.  This  is  briieved  to  be  a  conservative 
aynimptinn  because  benzo(a)pyrene  is  considered  to  be  among  the  most  toxic  of  the  PAH 
chemical  groi^. 

A  direct  comparison  of  the  soil  coiKentration  to  dte  toxicity  value  could  not  be 
completed  due  to  inconsistent  uiiits.  However,  the  toxicity  value  as  well  as  the  soil 
conceatratioo  can  be  arijiisM  to  provide  comparable  values  for  use  in  assessing  risk. 

Toxicity  values  such  as  LOAEL,  NOAEL,  and  LD^  values  are  rqxnted  in  units  of  mg/kg 
bw/day  fw  the  organism  of  study,  typically  a  rat  or  mouse.  To  compare  the  derived  toxicity 
value  to  the  observed  soil  concentrations,  the  toxicity  value  must  be  adjusted  to  rquesent  a 
total  dose.  This  Is  accomplished  by  removing  the  kg  bw  fector  by  multiplying  the  toxicity 
value  by  the  body  wdght  of  the  organism  of  study  in  kilograms.  Lewis  (1992)  has  compiled 
fiiUi mates  of  average  body  weights  for  species  of  animals  used  for  toxicity  testing.  The 
average  body  weight  for  a  mouse  is  23  g  (or  0.023  kg);  based  on  these  numbers,  the  toxicity 
value  (NOAEL,  LOAEL,  or  LDsq)  can  be  adjusted  to  derive  a  total  dose. 

Assuming  the  exposed  organism  ingests  100%  soil  in  its  daily  diet,  an 
exposure  does  was  derived  feom  die  soil  concmitratioo  by  convoting  the  concentration  to  mg 
chemical/mg  soil  (equal  to  0.00000305  mg  PAH/mg  scnl)  and  then  multiplying  by  the 
(Mganism’s  ingestion  rate.  Lewis  (1992)  rqnrted  the  average  ingestion  rate  of  food  by  a 
mouse  to  be  3  gm/day,  m  3000  mg. 

To  assess  the  potential  risk  posed  to  terrestrial  organisms  exposed  to  chemicals 
in  die  soil,  the  literature-derived  toxidty  value  was  adjusted  to  derive  a  total  dose  estimate, 
aMiiming  i(X)  pocent  soil  ingestion.  The  resulting  dose  corrdative  to  toxicity  is  0.03  /xg/day 


6-111 


BaMdoff  AFB  OU  S  KUFS  a«pon 


(0.002  otgAis  bw/day  x  0.Q2S  kg  bw  *  0.00005  mg/day  or  0.05  /tg/day).  Assuming  a 
mouse  would  ingest  3(XX)  mg  of  die  contaminated  s(^,  die  mouse  would  ingest  a  total  dose 
of  15.  IS  itg  PAH  per  day.  This  exceeds  the  toxicity  dose  of  O.QS  iig/day,  ndiich  ccwrelates 
to  die  inddence  of  tumors  in  mice.  Therefore,  die  potential  fw  risk  may  exist  and  PAHs 
have  been  retained  for  further  assessment. 

Metals  and  other  inorganics  found  in  soils  within  the  areas  bdow  the  bluff 
where  plant  stress  was  observed  (Section  4.6)  can  be  compared  to  background  soils  from 
elsewhere  on  Elmendorf  AFB.  These  elements  were  measured  in  alluvial  and  moraine  soils 
in  a  background  soil  aam(ding  program,  as  described  in  Section  4.2  and  in  the  Basewide 
Background  Sampling  Report  (CH2M  Hill,  1992a).  If  individual  on-site  values  are  greater 
than  the  upper  tolerance  limits  calculated  from  the  background  soils  data,  it  is  extremely 
unlikely  that  they  are  part  of  the  background  pc^wladm.  The  OU  5  smls  from  below  the 
bluff  also  were  compared  to  the  interim  Canadian  environmental  quality  criteria  for 
contaminated  sites  (CCME,  1991)  as  a  screaiing  procedure.  These  comparistms  to 
Elmendorf  AFB  background  soils  and  Canadian  remediation  criteria  are  shown  in 
Table  6-31.  The  Canadian  remediation  criteria  are  intended  for  generic  use  and  do  not 
address  site-qwdfic  conditions,  but  they  are  considered  generally  protective  of  human  and 
environmental  health  (CCME,  1991).  The  criteria  presoited  in  Table  6-31  are  those  for 
agricultural  uses  of  soils  and  serve  as  benchmarks  to  evaluate  the  need  for  further 
investigation  or  remediation  with  respect  to  such  use.  For  risk  screening  purposes,  these 
criteria  are  considmed  suitable  fix  evaluating  potential  accumulation  or  adverse  effects  in 
plants  growing  in  OU  5  habitats.  The  following  elements  were  found  at  elevated 
concentrations  in  comparison  to  background  soils  or  die  interim  remediation  criteria; 
arsenic,  barium,  beryllium,  boron,  cadmium,  calcium,  chromium,  coppa,  lead,  manganese, 
mercury,  nxdybdenum,  selenium,  silver,  sodium,  and  zinc. 

To  furdier  screen  these  elements,  the  maximum  detected  concentrations  were 
cmnpared  to  maximum  tderable  dietary  levds  of  minerab  fix  dcmiestic  animals  (NAS,  1980; 
Table  6-32).  The  maximum  tcderable  level  was  defined  as  "that  dietary  levd  that,  when  fed 
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Table  6-31 


Comparison  of  Maximum  Detected  Concentrations  (mg/kg)  for 
Inorganic  Elements  in  Soils  from  OU  5  with  Elmendorf  AFB 
Background  Soils  and  Canadian  Interim  Remediation  Criteria 


Ekmcnt 

Maximum  OeCected* 

Elmendorf  AFB 
Background  Soils* 

Remediation 

Criteria* 

2*  -12* 

12* -36* 

wm 

«•  -36* 

Almninnm 

18,400 

19,700 

23,800 

- 

Antiinaay 

15.0 

8.9 

7 

7 

20 

Arsenic 

28.2 

8.7 

13.1 

9.60 

20 

Barium 

3,650 

1,430 

154 

171 

750 

Beryllium 

1.3 

1.1 

0.62 

0.55 

4 

Boron 

33.2 

37.2 

- 

- 

2 

flaHmiiim 

3.1 

1.8 

1.95 

1.90 

3 

Calcium 

35,300 

20,400 

7,318 

7,151 

- 

Chromium 

39.0 

64.3 

34.3 

45.3 

750 

Cobalt 

12.5 

13.9 

12.6 

14.3 

40 

Copper 

38.0 

32.0 

24.8 

28.3 

150 

Iron 

34,600 

32,700 

32,000 

- 

Lead 

87.2 

22.3 

11.1 

7.00 

375 

Magnesium 

8,960 

9,810 

6,610 

10,100 

- 

Manganese 

10,700* 

7,860 

738 

742 

- 

Mercury 

0.30 

0.31 

C.15 

0.22 

0.8 

Molybdenum 

24.8 

3.4 

- 

- 

5 

Nickel 

36.3 

54.9 

31.7 

44.5 

150 

Potassium 

908 

865 

685 

630 

- 

Selenium 

1.1 

3.1 

0.51 

0.29 

2 

Silver 

22.0 

1.5 

1.60 

1.20 

20 

Sodium 

1,430 

929 

381 

317 

- 

Thallium 

0.87 

0.59 

7 

7 

1 

Vanadium 

66.4 

81.1 

83.1 

76.6 

200 

Zinc 

159 

86.4 

77.7 

62.9 

600 

*  Din  fiom  Swiioa  4.6. 

*  VakMtdwwD  an  upper  lalMaaMliiiiiu(brliM9Miptic«a6towHfa  a  95  pcTc«alcoafid«iic«l«vtl(CH2M  HILL  1992a). 

*  Valaaa  ibawa  an  awrini  re mudiatioii  ctilaria  ht  apiicultural  uaai  of  toila  (CCME,  1991). 

*  Wwimttiy  a  vahw  of  199,000  mgfki,  whan  lha  12*  to  24*  depth  aainpla  eonlabied  7060  ng/kg  manganeae. 
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Table  6-32 


Comparison  of  Maximum  Detected  Ctmcentratioiis  (mg/kg)  for  Inorganic 
in  Soils  fhmi  OU  5  that  Exceeded  ^mradorf  AFB  Background 
Soils  or  Canadian  Interim  Remediation  Criteria  with  Maximum  Tolerable 
Dietary  Levels  for  Domestic  Animals 


Arsenic 

28.2 

50 

Barium 

3,650 

(20)^ 

Beryllium 

1.3 

- 

Boron 

37.2 

150 

PaAniiim 

3.1 

0.5 

Calcium 

35,300 

12,000 

Qitomium 

64.3 

1,000 

Copper 

38.0 

25 

Iron 

37,800 

500 

Lead 

87.2 

30 

Magnesium 

9,810 

(3,0007* 

Manganese 

10,700* 

(4007* 

Mercury 

0.31 

2 

Molybdenum 

24.8 

10 

Nickel 

54.9 

50 

Potassium 

908 

(20,000)* 

.Sdmium 

3.1 

2 

Silver 

22.0 

100 

Sodium 

1,430 

20,000 

Vanadium 

81.1 

10 

Zinc 

159 

300 

*  Data  firom  SaclioB  4.6. 

^  Lowaat  iM«iiwmi  concaatiatioiia  aanog  cattle,  dieep,  poultry,  and  rabbits  are  diown  (NAS  1980). 

*  As  sotuble  sails  of  high  bioavailability.  Higher  kvds  of  leas  stduUe  forms  found  in  natural  substances  can  be 
tolerated. 

*  Value  derived  by  interspedSc  extrapolation. 

*  Pw/»hi«tw»f  a  value  of  199,000  mg/kg,  uhere  the  12*iiidi  to  24-inch  depth  sample  containfid  7,860  mg/kg 
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fOT  a  limited  period,  will  not  impair  animal  perftmnance  and  should  not  i»oduce  unsafe 
residues  in  human  food  derived  from  the  animal.”  hfany  factors  (such  as  age  and 
physiological  status  of  the  animal,  its  nutritional  status,  levels  of  various  other  dietary 
components,  duration  aiul  route  of  exposure,  and  biological  availability  of  the  compound) 
influence  the  level  at  which  an  element  causes  an  adverse  effect.  The  outpoints  assessed  in 
the  review  by  the  National  Academy  of  Sciences  (NAS,  1980)  varied  widely  by  dement, 
animal  qtecies,  and  individual  study,  so  they  reflect  many  different  possible  biological  effects 
of  excessive  dietary  levels.  Examples  include  eflects  on  growth  rate,  biochemical  tu 
moiphological  lesions,  mortality,  and  bioaccumulation  of  the  element  in  animal  tissues.  The 
domestic  q)edes  included  cattle,  sheep,  poultry,  and  rabbits,  which  are  considered  as 
surrogates  for  ecological  receptors  such  as  nuwse,  beavers,  voles,  and  birds  found  in  OU  S. 
This  screening  tqtproach  assumed  that  the  animals  ate  tmly  soil;  thus,  for  die  elements  with 
maximum  <tetected  concentrations  bdow  the  tolerable  level,  those  dements  should  not  be 
toxic  to  animals.  The  following  dements  v/en  retained  through  this  screening  process: 
barium,  beryllium,  cadmium,  caldum,  copper,  iron,  lead,  magnesium,  manganese,  nickel, 
selenium,  and  vanadium.  These  dements  will  be  ccmsidered  in  reladmi  to  possible  ingestitMi 
by  animals  and  their  potential  for  causing  adverse  effects  dirough  that  exposure  pathway. 
Rdatiooships  between  soil  chemistry  parameters  measured  in  soils  supporting  plants  that 
showed  signs  of  stress  (Section  4.6. 1. 1)  also  will  be  evaluated  further. 

As  an  additional  screoiing  for  site  contaminants,  concentrations  of  inorganic 
elements  in  plants  from  OU  5  (see  Section  4.6)  were  compared  to  maximum  tolerable  levds 
of  dietary  minends  for  domestic  animals  (NAS,  1980;  Table  6-33).  The  following  dements 
exceeded  the  maximum  tolerable  dietary  levels  in  (me  or  more  plant  samples:  cadmium, 
calcium,  iron,  lead,  magnesium,  manganese,  and  potassium.  These  dements  will  be 
(xmsidaed  further  in  the  risk  assessment. 

Although  selenium  was  reported  at  3.2  mg/kg  (which  ecceeds  die  2.0  mg/kg 
toloable  levd),  this  concentradcm  was  the  limit  of  detecdcm  and  sdenium  concentradcms  are 
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Table  ^33 


Comparisoo  of  Maximum  Detected  Cmicentratioiis  (mg/kg)  for  Inorganic 
Elmnents  in  Plants  firmn  OU  5  with  Maximum  Tolerable  Dietary  Levels  for 

Domestk  Animals 


TutomMitiCf# 

Aneoic 

3.2* 

50 

Botoa 

65.2 

150 

P»/lmium 

0.58 

0.5 

CikaBin 

28,100 

12,000 

akromiuiii 

1.6 

1,000 

Cofadt 

6.9 

10 

Copper 

11.2 

25 

boa 

1,370 

500 

LbmI 

47.6 

30 

Magneeium 

6,570 

3,000 

Mangaaen 

484 

(400/ 

Mdybdeonm 

3.9 

10 

NidDBl 

6.5 

SO 

Polaaainm 

26,600 

20,000 

Selemuni 

3.2* 

2 

Sodium 

1,750 

Zinc 

95.8 

300 

*  Dmi  Cm  S*Gtioa4.6. 

^  UiwwlMiteaeoMMMiMMnwaMia,  *Mp,paidb)r.iMinU>iliifdwwB(NAS  19iq>. 

*  limitalimKtmm. 

*  V«l—  awhwdfcy  liiMifieiac 


not  eqpected  to  reach  that  kvd  on  the  basis  of  sdenium  oxicentrations  and  pH  in  sc^s  at 
this  area. 


Concentratioiis  of  inorganic  elonents  in  plants  frmn  OU  S  also  woe  compared 
to  several  criteria  to  evaluate  their  status  as  being  present  at  background,  deficient,  or  toxic 
levels  in  the  jdants  (Table  6-34).  These  evaluation  levels  have  been  developed  by  Bodek  et 
al  (1988)  and  by  Kabata-Pendias  and  Pendias  (1992)  to  summarize  available  information  for  a 
wide  range  of  plant  species  and  environmental  conditions.  Thus,  the  range  of  concentraticms 
found  in  plants  from  OU  S  should  be  expected  to  fall  within  the  background  levds.  The 
ftdlowing  elements  either  exceed  background/normal  levels,  excessive/toxic  levels,  or 
tollable  levels  to  agronomic  crops  in  one  or  more  plant  samples:  arsenic  (although  the 
detection  limit  was  higher  than  the  minimum  value  to  the  excessive  levd),  cobalt,  iron, 
lead,  manganese,  nickel,  and  selenium  (where  the  d^ectimi  limit  occeeded  the  background 
level  for  jdants).  Some  plant  samples  had  boron,  ct^^er,  or  zinc  concentrations  in  the  range 
where  deficiencies  could  occur. 


»  4 


Seq>s  and  surfoce  water  (Section  4.4)  as  wdU  as  shallow  groundwater  that  may 
discharge  to  the  surface  (Sections  4.1  and  4.3)  are  potential  sources  of  exposure  to  semi- 
aquatic  wildlife  within  OU  5.  Concentrations  of  contaminants  in  these  waters  were  compared 
to  water  quality  criteria  and  to  no  observed  adverse  effect  levels  in  die  previous  section 
(6.2.1)  in  relation  to  aquatic  resources. 

Table  6-35  provides  a  summary  of  the  site  contaminants  diat  wme  sdected  to 
fiirdier  evaluation  in  the  risk  assessment  to  tenestrial  resources. 

6J1.2  J  Expoaore  AsMSsmat 

Exposure  pathways  to  ectdogical  receptors  were  described  generally  in 
Section  5;  dieae  pathways  are  summarized  on  Figure  5-4.  The  potentially  complete  exposure 
padiways  to  primary  terrestrial  recqiton  selected  to  assessment  are  listed  in  Table  6-36. 
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Comparison  of  Detected  Concentrations  (mg/kg)  for  Inorganic  Elements 
in  Plants  from  OU  5  With  Various  Evaluation  Levels 


Table  ^35 

Summary  Data  Sources  and  Contaminants  SHected 
tot  Further  Evaluations 


BeH—led  eofl  vipor  concentiutione 
(Tdilee  6-29,  6-30) 

Pud  hydrocariioaa 

Soil  iaoffMice  adyaes 

Afaenic,  bariuni,  becyllinai,  boron,  cadauum,  cakium. 

CraSee  6-31,  6-32) 

copper,  lead,  manpneae,  mercwy,  aadybdenum,  selenium, 
silver,  and  sodium 

Plant  tiaaue  aalyaea  (TaUe  6-33) 

Cadmtum,  inn,  lead,  and  manganeee 

CTaUe  6.34) 

Arsenic,  cobalt,  iron,  lead,  mamsnaae,  nickd,  and  selmium 
(potentially  eatcaadve) 

Surftoe  wilar  md  vmt-mdact  gnmodwater 
(Sectiaa  6.2.1) 


Boron,  coppef ,  nd  anc  (potaatirily  d^cknt) _ 

Pud  hydrocarixMu,  PAHs,  MmivoUtilM,  BTEX,  dumiiium, 
copper,  inn,  ieud,  aid  ziac 


Table  6-36 


Potentially  Complete  Exposure  Pathways  to  Primary 
Terrekrial  Receptors  Sdected  for  Assessnmit 


On-Mto  wila 

bigMtioii/inBtalxdic 

vptake 

Volea,  ihfewa 

PAHa,  fiid  hydfocar- 
boua,  iaorgaaica 

Soila 

Asioni 

bufiDwa 

inliilitiQA 

Voica,  ihfewa 

Fuat  hydiocaibcaa 

Soil  gaa 

Suiftoe  wilar 
Iwwii— 

Ingeatiaii/mBtabolk 

iqitake 

Beaveft,  diicka, 
wood  firoga 

Organica,  iaoigaaica 

SurfiKe  water 

DenHl  cootact/ 
ahaotptkMi 

Beaveia,  ducka, 
wood  ftoga 

Fuel  hydiocaiboiia, 
iaorgaaica 

Sufftce  water 

See|M/wedaiida 

Metabolic  Intake/ 
iaiiibitioB 

Planta,  beaveia, 
volea,  ducka,  wood 
froga 

Fuel  hydiocaibona, 
odier  ofgaaka, 
iaofgaaica 

Soila,  aur&ce  water, 
diallow  grouad- 
water,  plaata 
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This  table  also  lists  the  contaminants  of  concern  and  the  medium  in  which  they  were 
measured.  The  only  secondary  terrestrial  receptors  for  which  potential  exposure 
concentrations  were  measured  are  herbivorous  mammals  (for  example,  beavers  and  voles) 
that  may  feed  on  v^etation  at  various  locations  whoe  plants  were  collected  for  analysis. 
These  exposure  routes  are  discussed  in  the  following  paragr^s  for  the  four  fnincipal 
exposure  pcwts  (on-site  soils,  animal  burrows,  surface  wato^  bodies,  and  seq>s/wetlaiKls). 
Exposure  point  concentrations  for  each  of  the  pathways  have  bear  jnesented  in  earlier 
sections  (eqrecially  Section  4  and  in  portions  of  Section  6.2). 

On-Site  Soils 

Terrestrial  animals  that  ingest  soUs  either  through  grooming  or  in  association 
with  feeding  could  be  exposed  to  contaminants  present  in  the  soil.  Examples  of  chemicals 
detected  at  elevated  levels  in  the  soil  include  PAHs,  fuel  hydrocarbons,  and  inorganic 
elements.  The  exposures  of  terrestrial  ecological  recqrtors  to  inorganic  elements  in  soils 
could  occur  at  dry  sites  as  well  as  die  seqM  and  wetlands  where  plant  stress  was  observed 
(and  elevated  concentrations  were  found  in  soils). 

Animal  Burrows 


» 
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Inhalatkm.  Voles  and  shrews  ctHild  be  exposed  to  volatile  hydrocarbcm 
vjqwrs  if  they  live  in  the  vicinity  of  contaminated  areas.  These  small  mammals  live  in 
runways  (that  is,  padiways  through  v^etadon)  and  shallow  burrows  that  do  not  normally 
extend  more  dian  a  few  indies  bdow  ground  surface*.  Throughout  OU  5  where  elevated 
concentradoos  fed  hydrocarbons  were  found  in  near-surface  srals  (Secdons  4.2  and  4.6. 1) 
or  shallow  groundwater  (Secdon  4.1)  thoe  is  a  likelihood  that  scril  vsqxv  ctmceotradons  in 
animal  burrows  could  reach  exposure  effect  levds  (as  described  in  Secdon  6.2.2. 1). 


*niii  infonutiaa  wm  ofatuaed  in  a  tekphane  ooovenatioo  widi  Alkn  Ridiinoad,  natuial  nacmce 
piMeratEfaDHidorf  AFB,  anDecMBber  1,  1992. 
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Although  no  va|mr  concentrations  were  measured  in  animal  burrows,  the  concentrations  of 
gasoline  and  diesel  at  bodi  SUM  and  SL16  were  estimated  to  exceed  the  acutdy  toxic  level. 
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Dermal  contact  and  incidental  ingestion  of  soil  by  voles  and  shrews  may  also 
be  impcxtant  intake  routes.  However,  available  data  do  not  enable  reasonably  accurate 
estimation  of  the  risk  of  adverse  effects  to  snudl  mammals  through  this  pathway. 

Surface  Water  Bodes 

Ingesthm/MetalKdk  Uptake.  Semi-aquatic  qjedes  such  as  beavers,  ducks, 
and  wood  frogs  are  die  most  likely  wildlife  recqitors  for  exposure  through  ingestion  and 
metabolic  uptake  of  contaminants  found  in  surface  waters,  although  most  wildlife  in  OU  5 
could  be  exposed  dirough  this  route.  For  assessmoit  of  this  pathway,  the  protection  of 
aquatic  cnganisms  (see  Section  6.2.1)  is  considered  to  be  protective  also  for  semi-aquatic 
spedes.  It  is  also  not  clear  to  what  extent  waterborne  contaminants  in  OU  5  may  cause 
effects  to  terrestrial  species  through  ingestion  from  surface  water  bodies  or  what  level  of 
bioconcentration  of  contaminants  could  occur  thoe.  Hence,  this  pathway  will  not  be 
assessed  in  further  detail. 

Dennal  Contact/Absorptioa.  Beavos,  ducks,  and  wood  frogs  also  are  the 
wildlife  ^lecies  that  are  most  likely  to  be  exposed  dirough  contact  widi  fuel  hydrocarbons 
found  in  surfece  water  bodies.  Floating  petroleum  products,  which  were  observed  in  greatest 
abundance  in  die  large  beaver  pood  at  SL22,  SL23,  and  SL24,  could  be  contacted  by  these 
species  during  dietr  use  of  die  pood.  Beavos,  muskrats,  ducks,  shordiirds,  and  frogs  were 
obsoved  at  diat  pood  where  they  could  be  exposed  to  dieens.  These  qiedes  and  aquatic 
plants  also  could  be  exposed  dirough  contact  with  dissolved  hydrocarbons  in  the  water. 
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MeUboUc  Uptake/bdiibition.  Plants,  beavers,  voles,  ducks,  wood  frogs,  and 
other  terrestrial  recq)tors  are  potentially  exposed  to  fuel  hydrocarbons,  other  organics,  and 
inwganics  in  the  soils,  surface  water,  and  shallow  groundwater  found  at  the  seq>s  and 
wetlands.  Those  constituents  and  media,  as  well  as  inorganics  found  in  plants,  were 
analyzed  during  die  RI  sampling  for  assessment  of  potential  effects  on  ecological  recqxors. 

In  this  exposure  pathway,  chemical  concentrations  in  plants  and  the  soils  they  were  growing 
in  are  used  for  assessment  of  potential  direct  effects  cm  plants. 

Secondary  Terrestrial  Receptors 

Animals  that  may  feed  on  plants  with  elevated  concentratiiMis  of  various 
incKganic  elements  could  be  exposed  through  ingestion  (Figure  5-4).  This  pathway  is 
presumed  to  be  potentially  comply,  although  food  habitats  of  the  herbivorous  mammals  in 
OU  S  were  not  studied. 

Predatory  birds  and  mammals  that  feed  on  food-chain  organisms  cmtaining 
elevated  concentrations  of  contaminants  may  also  be  exposed  through  ingestion.  However, 
largCT  mammals  (including  predatory  species  sudi  as  otter,  fox,  coyote,  and  bear)  are  wide- 
ranging  and  were  not  surveyed  during  the  qualitative  surveys  that  were  omducted,  although 
the  presence  of  bear  scat  in  OU  S  was  noted.  The  affected  areas  of  OU  5  are  a  small  portion 
of  die  honw  range  for  the  laigCT  predatory  mammals  known  to  occur  there.  This  is  also  true 
for  {Htdabffy  birds.  Insufficient  data  are  available  to  model  exposure  of  those  animals  (such 
as  hmne  range,  diet,  and  dietary  contaminant  concentrations)  in  a  meaningful  way,  and 
obtaining  that  inftmnation  was  beyond  the  scope  of  the  Hiase  1  risk  assessment.  However, 
based  on  die  available  data,  this  exposure  pathway  for  larger  predators  does  not  sqipear  to  be 
significant  because  exposure  would  be  very  limited. 
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There  also  are  enough  uncertainties  about  the  food-chain  availability  of 
contaminants  oi  ooncera  for  smaller  predators,  such  as  shrews,  to  limit  the  usefulness  of 
modeling  this  eiqMSure  pathway.  Some  incnganics  (such  as  lead)  identified  as  contaminants 
(tf  concern  (Section  6.2.2. 1)  may  bioaccumulate  in  food  chains  of  predatms  to  moderate 
levels,  but  concentrations  of  those  elements  in  scrils  woe  not  greatly  elevated  above 
background  levels.  The  degree  of  food-chain  bioaccumulation  for  those  elements  varies 
widely  because  of  site-specific  conditions  (see  also  Section  6.2.2.3).  Therefore,  food-chain 
bioaccumulation  of  some  inmganics  could  cause  mqmsure  to  predaton  having  limited  home 
ranges  within  OU  S,  but  the  significance  of  this  pathway  is  uncertain.  It  should  be  noted  that 
organochlorines  (persistent  pesticides  and  PC3s),  which  tend  to  bioaccumulate  readily  in 
food-chain  organisms,  were  not  identified  as  contaminants  of  concern  for  terrestrial 
receptors. 


Frequency  and  Duration  of  Exposure 

It  is  assumed  that  resident  tq[)ecies  of  terrestrial  animals  (for  example,  beavers, 
voles,  shrews,  wood  fiogs)  and  plants  may  be  cmtinuously  exposed  to  the  contaminants  in 
thdr  habitats.  Migratixy  ^)ecies  that  nest  within  OU  S  habitats  (such  as  ducks)  may  be 
exposed  to  site  contaminants  throughout  thdr  seasonal  residence  (about  half  of  the  year,  but 
nesting  and  early  development  periods  are  when  birds  are  most  sensitive);  odier  migratory 
qwdes  are  not  included  in  the  assessment. 

Voles  and  shrews  generally  live  at  or  near  the  soil  surface,  using  shallow 
burrows,  logs,  and  surfooe  runways  through  v^etation  as  shdter  (Ingles,  196S;  Whitaker, 
1980).  Their  burrows  in  soils  such  as  those  bdow  the  bluff  in  OU  5  are  usually  less  than 
1  foot  bdow  die  surfoce'.  Semi-aquadc  species  such  as  beaven,  muskrats,  ducks, 
shoiebirds,  and  wood  frogs  qiend  much  of  thdr  time  in  contact  with  surfooe  waters. 

Because  these  are  air-breathing  animals,  they  are  frequently  at  the  watn’s  surfoce  where  they 


iafDfflMliaa  wm  ^  in  «  tetophoae  oouvemtioo  with  AUeo  Ridunood,  oatunl  rewofce 

piMMr  d  Phwdorf  AFB,  on  Deoenlier  1.  1992. 
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could  be  ejqmaed  to  chemicals  sudi  as  fuel  hydrocarbons  that  form  a  surface  sheen.  In 
addition,  frog  tad|K^  live  in  the  water  column  and  frequently  contact  and/or  ingest 
materials  associated  with  sediments.  Ducks  and  shorebirds  also  dq)end  on  benthic  (sediment- 
associated)  invertebrates  as  food  resources,  so  they  could  be  affected  directly  by 
contaminants  the  invertebrates  have  accumulated,  or  indirectly  by  reduced  food  resources  if 
contaminants  are  toxic  to  the  invertebrates. 

Toxicity  Asacaament 

The  toxicity  of  chemicals  of  ctmcm  identified  for  OU  5  is  described  in 
relation  to  terrestrial  tecqitors  in  this  seaion.  Both  acute  and  chronic  exposures  are  con¬ 
sidered.  The  rdative  importance  of  these  types  of  ecposure  varies  by  chemical  and  recq>tor 
pc^Nilation.  ExcqK  for  acute  exposure  to  floating  petroleum  hydrocarbons  ((^  sheens),  the 
chronic  exposures  are  considered  more  signifkant  and  are  the  primary  focus  for  assessment. 
The  inituu  screening  of  site  contaminants  (Section  6.2.2. 1)  and  pathways  (Section  6.2.2.2) 
reduced  the  contaminants  of  concern  to  those  described  in  the  following  sections.  Because 
some  inorganics  woe  excluded  through  one  screening  but  not  others,  general  information  is 
presented  about  the  toxicity  of  most  inorganics  considered  in  the  assessment. 

fM  Hydrocarbona 

Vsqmrs  of  fud  hydrocarbons  can  be  toxic  to  animals  that  inhale  them. 
Dollariiide  (1992)  calculated  a  NOAEL  of  230  mg/mi’  for  continuous  exposure  using  the 
results  of  die  chronic  inhalation  study  for  unleaded  gasoline  (that  tested  rats  and  mice), 
rqxKted  by  hbcFariand  et  al  (1984).  Continuous  otposures  of  dogs,  rats,  or  mice  to  diesel 
or  jet  fuels  produced  a  range  of  sublethal  effects  (Dollariiide,  1992).  Based  on  results  of 
subduonic  inhalatkm  studies  using  fonale  mice,  a  LOAEL  of  ISO  mg/m?  was  identified  for 
JP-S.  Similariy,  LOAELs  of  SOO  mg/m^  and  SO  mg/m’  were  identified  ftv  JP-4  and  marine 
diesel  fud,  reqpectivdy.  Howcvct,  the  effects  of  dironic  exposure  of  voles  or  shrews  to  fuel 
hydrocarbon  vapon  occurring  at  various  locations  widiin  OU  S  have  not  been  tested. 
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A  ooniMriaoo  of  the  PAH  ooocentntioo  in  s(^  at  SB29  (SOSO  ftg/kg)  to  the 
chronic  onl  doae  causing  tumors  in  mice  (0.002  mg/kg  bw/day)  (Eisltf ,  1987a)  was 
presented  in  Section  6.2.2.I.  Because  of  diffemces  in  units,  these  values  cannot  be 
compared  dire^y,  and  the  LOAEL  (as  PAH  concentration  that  causes  effects)  must  be 
calculated.  The  PAH  concentration  equates  to  O.OOOOOSOS  mg  PAH/mg  soil.  If  a  mouse 
(the  test  animal  on  which  the  toxicity  value  is  based)  eats  3000  mg  of  food  per  day  (Lewis, 
1992),  and,  as  a  *wt»st-caae*  conservative  assumption  the  mouse  eats  only  sdl,  it  would 
ingest  a  dose  of  O.OISIS  mg  PAH/day.  Assuming  that  a  mouse  weighs  0.02S  kg  (Lewis, 
1992),  its  ingestion  dosage  would  equal  0.606  mg/kg  bw  day  (calculated  as  0.0151S  mg/day 
divided  by  0.Q2Skg).  The  LOAEL  soil  PAH  cmcentration,  therefore,  can  be  calculated  as 
0.0167  mg/kg,  based  on: 


5.050  mg/ig  X 


0.002  mg/kg  bwjday 
0.606  mglhg  b*iiday 


Thus,  even  if  the  mouse’s  diet  (or  tiiat  of  a  similarly  sensitive  small  mammal 
such  as  a  vole)  contained  only  a  trace  of  the  soil,  ingestion  of  this  soil  on  a  continuing  basis 
could  be  toxic. 

Albers  (1991)  reviewed  the  effects  of  oil  on  plants  and  animals,  and  several 
other  authon  have  rq;»rted  findings  that  hdp  to  assess  the  toxicity  of  fuel  hydrocarbons  to 
terrestrial  reoqttors.  Those  effects  that  are  most  relevant  to  OU  5  potential  exposures  are 
summarized  in  tiie  foUowing  paragr^s. 

Mammals.  Mammals  tint  rely  primarily  on  fiir  for  insulation  are  the  most 
likdy  to  die  aSia  contact  widi  ^tilled  oil  (Albas,  1991).  Oiled  for  becomes  matted  and 
loses  its  ability  to  trap  air  <x  wata.  Sldn  and  eye  irritation  and  interference  with  normal 
swimming  can  also  occur.  No  rqports  of  effects  on  moose  or  black  bean  were  found  in  the 
literature,  but  those  ^edes  rdy  on  thdr  for  for  insulation. 


» 


I 


» 


s 


OUSaimiUport 


•  •  • 


►  •  •  •  • 


6-126 


I 


Oil  ingested  in  large  quantities  can  loll  p(dar  bean  {Uma  maritinm),  but 
seals  (Otariide  and  Phoddae)  and  cetaceans  are  nK»e  resistant  to  toxic  ^ects  because  renal  * 

clearance  is  rapM  and  they  can  metabdize  petroleum  (Albers,  1991).  Ingested  oil  can  cause 
gastruntestinal  tract  hemorrhaging  in  the  Eur(^)ean  otter  (fMtra  Ultra),  renal  fiulure  in  the 
polar  bear,  liver  toxicity  in  laboratmy  mice,  and  blood  disorders  in  the  polar  bear  and  » 

laboratory  rats  and  mice.  Inhalation  of  evaporating  oil  is  a  potential  re^nrattwy  problem  for 
mammals  near  or  in  contact  with  large  quantities  of  fresh  oil. 

Documentation  of  the  effects  of  oil  qnlls  on  non-marine  mammals  is  limited 
(Albers,  1991).  Large  numbers  of  muskrats  were  killed  by  a  ^ill  of  bunker  C  fuel  oil  on 
the  St  Lawrence  River.  Giant  kangaroo  rats  (Dipodomys  ingens)  in  California  were  found 
dead  after  being  oiled,  beaver  and  muskrats  were  killed  by  an  aviation  kerosene  ^ill  in  a  > 

Virginia  river,  artd  rice  rats  (Oryzomys  pahistris)  in  a  laboratory  experiment  died  after 
swimmmg  through  ml-covered  water. 

I 

Because  of  its  small  size  and  abundance  in  tidal  wetlands,  rice  rats  were 
chosen  as  subjects  for  studying  the  possible  effects  of  crude  oil  spills  on  marsh  mammals  by 
W<dfe  and  Esher  (1981).  Two  types  of  crude  oil  (Texas  and  Empire)  were  apfdied  to  the 
water  surface  at  two  concentrations.  Application  rates  were  200  and  20  ml  of  oil  to  the  i 

surface  of  the  water  in  the  tanks  (2(X)  and  20  ml/m^.  Tests  were  b^un  at  about  4  pm  and 
concluded  at  about  8  am.  All  eqwrimental  and  contnd  animals,  in  individual  cages  with 
food  and  water,  were  placed  in  an  environmental  diamber  at  5.0”C.  Survival  and  body 

1 

tenqtoature  were  diecked  at  3,  6,  and  24  houra.  Both  concentrations  of  the  two  (^s 
significantly  inhibited  water  crossings  per  night.  The  comparison  of  number  swimming  or 
not  swimming  was  not  different  with  either  concentration  of  Texas  Crude,  but  was  diffemit 
widi  both  concentrations  of  Empire  Crude.  Both  oils  at  high  concentrations  produced  a 
significant  mortality  within  3  hours.  The  effects  of  the  low  concentrations  were  not 
significant  Nfortality  was  probably  due  to  loss  of  insulation  rather  than  direct  toxic  effects. 

This  study  demonstrates  an  effect  on  swimming  behavior  and  on  survival.  It  can  be  inferred 

I 

diat  an  ml  dick  washing  into  a  tidal  wetland  would  adversdy  affect  populations  of  rice  rats 
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and  other  aemiaquatic  mammalian  inhid>itants  such  as  muskrat,  nutria  {Myocastor  caypus), 
mink  (Musteia  vison),  and  otter  (JLutra  canadensis).  Data  indicate  that  mortality  would  be 
high  fiv  individuals  swimming  through  slicks,  especially  during  the  odder  months. 


Birds.  Birds  can  be  affected  by  petroleum  through  external  mling,  ingestion, 
egg  oiling,  and  habitat  changes  (Albers,  1991).  External  oiling  disrupts  feather  structure  and 
causes  matting  of  feathers  and  eye  irritation.  Mtxtality  often  results  from  hypothermia  and 
drowning.  Birds  that  spend  much  of  their  time  in  the  water  are  the  most  vulnerable  to 
surface  ml. 


Petrcdeum  can  be  ingested  through  feather  preening,  drinking,  consumption  of 
contaminated  food,  aiul  inhalation  of  fiimes  from  evjqwrating  ml  (Albers,  1991).  Ingestion 
of  oil  is  sddom  lethal,  but  it  can  cause  many  dd)ilitating  sublethal  effects  that  promote 
mortality  from  other  causes,  including  starvation,  disease,  and  ptedatms.  Effects  include 
inflammation  and  hononhaging  of  the  digestive  tract,  pneumonia,  organ  damage,  red  blood 
cell  damage,  hormonal  imbalance,  intoxication,  inhibited  rqrroduction,  retarded  growth  in 
young,  and  abnormal  parental  behavior  (Fry  and  Lowenstine,  1982,  1985;  Albers,  1991). 

Bird  onbryos  are  very  sensitive  to  petroleum.  Contamiiuded  nest  material  and  oiled  plumage 
are  mechanisms  for  transferxing  ml  to  the  shell  surface.  Small  quantities  of  some  types  of  oil 
are  sufficient  to  cause  death,  particularly  during  the  eariy  stages  of  incubation. 

Petrcdeum  galled  in  avian  habitats  can  have  immediate  and  long-term  indirect 
effects  on  the  Inrds  (Albers,  1991).  Fumes  from  evaporating  oil,  a  shortage  of  food,  and 
ckaniqt  activities  can  reduce  use  of  an  affected  area,  but  long-term  effects  are  mote  difficult 
to  document. 


Unweathoed  crude  and  refined  oils  ate  known  to  be  very  toxic  to  the  embryos 
cd  aquatic  birds  but  die  toxicity  of  weadieted  petrolmim  is  not  as  well  established  (Albms  and 
Gay,  1982).  The  toxicity  tff  Prudhoe  Bay  crude  oil  and  No.  2  fuel  oil  to  embryos  of  mallard 
docks  decreased  only  after  3  weeks  and  2  weeks  of  weathering  on  a  large  oontainCT  of  fresh 
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wMer.  Although  10  microliten  OiL)  of  4-week-old  Libyan  cnide  caused  a  significant 
increase  in  mortality  among  onbryos  of  triodcxed  herons  (Egreoa  tricolor),  the  same  amount 
of  fresh  oil  did  not  cause  a  significant  increase  in  mortality.  Howeva,  embryos  of  laughing 
gulls  (Lams  atricilla)  were  not  significantly  affected  by  10  ftL  of  4-  or  8-week-old  weathered 
Libyan  crude  <h1  or  by  10  /iL  of  fresh  oil.  Crude  oil  (10  mL)  recovered  from  the  water 
surfsoe  near  the  KTOC-I  oil  ^nll  site  in  the  Gulf  of  Modco  did  not  significantly  reduce  the 
survival  of  mallard  embryos  by  day  18  of  incubation. 

External  exposure  and  ingestion  of  oil  by  birds  can  cause  short-tom  and  long¬ 
term  rqxoductive  problems.  Small  amounts  of  weathered  crude  (0. 1-2  mL)  on  breast 
feathos  of  seabirds  can  reduce  the  number  of  ^s  laid,  lower  the  number  of  hatching  eggs, 
and  reduce  breeding  success.  Lower  breeding  success  decreased  the  number  of  birds 
returning  to  the  nesting  area  and  disrupted  pair  tKmds,  which  caused  lower  rqmxluctive 
success  in  the  years  following  external  exposure  to  crude  oil  (Fry  et  al,  198S;  1986). 

Japanese  quail,  (Canada  geese,  and  diickens,  fed  0.2  g,  2  g,  and  0.5  g  of  bunker  C  oil 
re^wctivdy,  laid  fewer  eggs,  had  fewer  ^s  hatch,  and  laid  ^s  with  abnormal  yolks  (Grau 
et  al,  1977). 
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Bird  embryos  are  most  sensitive  to  toxic  compounds  in  petroleum  during  the 
first  10  days  of  incubation  (Albers  and  Gay,  1982).  Six  of  7  groups  of  SO  mallard  ^s  were 
treated  with  either  1,  5,  or  20  fiL  of  unweathered  aviation  kerosene  or  1,  5,  or  20  /tL  of 
aviation  kerosene  collected  by  cleanup  crews  2  to  5  days  after  the  Manassas,  Virginia,  qnll. 
The  seventh  groiqr  was  an  untreated  control.  Both  substances  were  qiplied  to  the  surfoce  of 
the  near  foe  air  odl  end  by  microliter  syringe.  The  20  /tL  treatments  consisted  of  four  S 
liL  apfdicatkms. 

Egg  hatching  success  of  foe  centred  group  was  not  significantly  different  from 
that  of  any  of  foe  groiqM  treated  with  unweathoed  or  weaifoered  aviation  knosene  (Albers 
and  Gay,  1S182).  Hatching  success  was  not  dose-rdated  for  either  substance.  No  significant 
differences  among  groups  were  found  for  the  develofnnental  ages  of  dead  emfoyos;  means 
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varied  from  19. 1  to  21.6  days.  These  results  mean  that  the  ^s  of  waterfowl  nesting  near 
the  qiiU  site  ymt  ixobad>ly  not  endangered  by  jdumage  transfer  of  small  amounts  of  partially 
weathered  keroaene  to  the  ^s. 

The  lack  of  any  toxic  effect  of  aviation  kerosene  on  duck  embryos  is  probably 
attributable  to  tihe  absence  oi  high  molecular  weight  aromatic  hydrocarbons  that  ate  present 
in  crude  and  fuel  mis  (Albers  and  Gay,  1982).  Tricyclic  and  higher  aromatic  hydrocarbons, 
alone  or  in  combination  with  other  aromatic  hydrocarbons,  can  cause  significant  amounts  of 
mmtality  in  duck  embryos.  Tetracyclic  and  higher  aromatic  hydrocarbons  were  responsible 
for  reduced  growth  and  other  physiological  changes  in  herring  gull  (Lotus  argentatus)  chicks 
and  increased  corticosterone  and  thyroxine  kvds  in  haring  gull  and  black  guillemot 
(Cepphus  grylle)  chicks.  Consequently,  furtha  weathering  of  the  residual  aviation  koosene 
inobably  would  not  alta  tiie  demonstrated  effect  of  the  2-  to  S-day-dd  sample. 

AmphBilans.  Mortality  rates  in  bullfrogs  (Rana  catesbeuuui)  woe  most 
severe  in  tadpc^  that  were  in  the  late  stages  of  devdt^Mnent  when  exposed  to  ml.  Sensi¬ 
tivity  to  oil  of  wood  frogs  and  the  spotted  salamanda  (Ambystoma  maculatum)  was  similar  to 
two  species  of  fish  (Albers,  1991). 

Bullfrogs  occupy  a  central  position  in  the  freshwata  aquatic  food  wd> 
(McGrath  and  Alexanda,  1979).  They  are  dq)endent  on  wata  throughout  tiieir  life  cycle. 
Laboiatmy  experiments  were  conducted  to  determine  die  effects  of  es^osuie  to  oil  on 
bullfrog  tadptries.  The  concentrations  of  Bunka  C  (#6)  fuel  oil  used  in  tiie  experimental  jars 
ranged  from  0.13,  0.36,  and  10  percent  by  vdume,  measured  by  the  total  volume  pa  jar  of 
2.4  liters.  Duration  of  exposure  time  varied  from  96  to  120  hours. 

Initially,  all  tadpdes  were  obsoved  dtiia  to  test  on  the  bottom  m*  to  swim 
activdy  in  qiparent  feeding  motions,  both  of  which  are  normal  behavim  activities  for 
tat^Kdes  in  the  wild  (McGtatii  and  Alexanda,  1979).  Howeva,  within  a  period  of 
^iproximatdy  7.5  houn,  72.8  percent  of  the  total  numba  of  animals  exposed  to  ml. 
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regardless  of  the  coaoentiation,  began  to  float  on  the  surface.  Sensitivity  to  oil  was  related 
to  the  deveiopiiiental  stages  of  the  tadpde.  Animals  that  had  reached  the  XXVI  stage  of 
development  were  less  hdenuit  of  the  dl,  as  seen  by  a  significantly  higho’  mentality  rate. 

All  animals,  r^rdless  of  the  devdopmental  stage  concentration  of  dl,  experienced  a 
floating  re^Mose  frequently  accompanied  by  a  swollen  heart-shaped  ^jpearance  and 
lethargy.  Lungs  of  these  swollen  animals  wme  grossly  inflated  and  occupied  a  larger-than- 
normal  pmtion  of  the  body  cavity. 

SlK»t-term  lethality  tests  were  conducted  with  five  (waste  dl.  No.  1  fud  oil. 
No.  2  fuel  oil,  mixed  blend  sweet  crude  dl,  Uoydministtf  crude  oil)  oils  and  four  fresh¬ 
water  species  by  Hedtke  and  Puglisi  (1982).  The  oils  were  tested  as  floating  layen, 
emulskms,  and  as  the  water-soluble  fraction  of  10  percent  oil-water  mixtures,  in  static  and 
flow-through  tests.  The  organisms  tested  were  the  American  flagfish  (Jordanella  floridae), 
the  fathead  minnow  (Pimephales  promelas),  and  larvae  of  the  wood  frog  and  qjotted 
salamander.  LCjo  values  were  quite  variable  dqpending  on  a  number  of  influencing  factors, 
including  the  apedes  tested,  the  type  of  oil,  differences  between  batches  of  the  same  oil,  the 
form  of  die  oil  when  added  to  the  test  system,  die  type  of  test,  duration  of  exposure,  and  the 
oil-water  contact  time.  Results  of  there  tests  are  presented  in  Table  6-37. 

Critote  and  Standards.  The  following  criteria  and  standards  apply  to  the 
toxicity  assessment  for  fuel  hydrocarbons  in  surface  water  within  OU  S. 

Federal  water  quality  criteria  for  aquatic  life  (EPA,  1986d)  are  as  follows: 


0.01  of  the  lowest  continuous  flow  96-hour  LC^  to  sevoal  important 
fieshwater  and  marine  ^lecies,  each  having  a  d«nonstrated  hi^ 
suscqitibility  to  oils  and  petrochemicals; 

Levels  of  oils  or  petrochemicals  in  the  sediment  whidi  cause 
deleterious  effects  to  the  biota  should  not  be  allowed;  and 

Surface  waters  shall  be  virtually  free  from  floating  noiqietroleum  oils  of 
v^etable  <x  animal  origin,  as  wdl  as  petrcdaim-doived  oils. 
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Tablets? 

LCj,  Values  for  Five  (Mis  and  Four  Spedes 
in  Static  and  Flow-Througii  Tests 


PH 

■CfrEHl 

I91 

WKKKi 

aMcki' 

•  w  '  '  1 

ITSI 

UMdCmkcafe 

Wateraobble 

ftaelioar 

static 

A.  flagfiah 

52400 

36400 

16.800 

Flowthrough 

A.  flagfiah 

4S400 

9400 

Fathead  mkaow 

20400 

16.600 

16,600 

Bmulainn 

Static 

A.  flagfiah 

485 

Flowthrough 

A.  flagfiah 

200 

82.7 

82.7 

Floating  layer 

Static 

>40.000 

12,000 

6,200 

Wood  frog 

>20.000 

1400 

No.  2  Aid,  Sanpfe 
A 

Wnter^Ubk 

fradiao 

Stalk 

A.  flagfiah 

>100%^ 

>100% 

>100% 

Stalk 

Fadicad  minnow 

>100« 

>100% 

>100% 

Stalk 

Wood  frog 

>100% 

413,000 

Bmulaiim 

Stalk 

Wood  Ifrog 

>fi2.S 

>26.4 

Wood  frog 

>70.5 

4.9 

3.4 

Flow-through 

A.  flagfiah 

>81.5 

60.5 

Fathead  minnow 

>72.6 

38.6 

34.5 

Flowthrough 

Spotted  miawaiider 

>86.4 

>86.4 

>86.4 

No.  2  iiiel.  Sample 
A  (coat.) 

Fkiating  layer 

Statk 

Fathead  mmnow 

>160.000 

>160,000 

>160,0 

00 

Wood  frog 

>80.000 

<5,000 

No.  2  fuel. 
SampfeB 

Floating  layer 

Statk 

Fathead  mmaow 

>80.000 

48400 

No.  1  IM 

Bmuleion 

Flowthrough 

Fathead  mmnow 

201 

56.7 

Flow-through 

Wood  frog 

>60.6 

45.8 

23.1 

Mned4>lend  tweet 
oude 

Walerd>luble 

fnetion 

Stalk 

Wood  frog 

>250.000 

>250,000 

>250,0 

00 

Eamltion 

SMk 

Wood  frog 

9.51 

78.0 

78.0 

Wood  frog 

56.9 

28.2 

25.0 

Flow-through 

Fathead  minnow 

12.4 

<8.4 

<8.4 

Fbaling  layer 

SMk 

Wood  frog 

21,600 

<2400 

enide 

FbalinglaTar 

Statk 

Wood  frog 

>40,000 

6400 

•WiNr  icIiMi  fcirttai  cf  10  tmatm  oM  mmm  ■iwiw. 

*Ho  mattOtf  !■  100  firot  mitttom  €ftwMm  ioli*h  hamkm. 
Sowm: 
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Alaska  q^ty  standards  (18  AAC  7(^  for  Class  (IKQ  waters  to  protect 
aquatic  lifo  and  wildlifo  are: 


Total  hydrocarbons  in  the  water  oriunui  shall  not  exceed  IS  ng/L,  or 
0.01  times  the  lowest  measured  continuous  flow  96-hour  LCjo  for  lifo 
stages  of  die  most  sensitive,  bkdogically  impntant  ^Kcies  in  a 
particular  location,  whidiever  concentration  is  less. 

Total  aromatic  hydrocarbons  in  foe  water  column  shall  not  exceed 
10  Mg/L,  or  0.01  times  foe  towest  measured  continuous  flow  96-hour 
LCjo  for  lifo  ^ages  of  the  most  sensitive,  bkdogically  important  qjedes 
in  a  particular  location,  whichever  concentration  is  1^. 

Concentrations  of  hydrocarbons,  animal  fots,  or  v^etable  oils  in  the 
sediment  shall  not  cause  detetoious  effects  to  aquatic  lifo;  shall  not 
cause  a  film,  sheen,  or  diac(d<»ation  on  foe  surfoce  or  floor  of  the 
water  body  or  adjoining  shorelines. 

Sediment  loads  shall  not  cause  adverse  effects  on  aquatic  animal  or 
idant  lifo,  their  rqjroduction,  or  habitat. 


Otticr  Organics 


Animals.  Limited  inflmnation  is  available  on  the  toxicity  of  PAHs  to 
mammals,  birds,  and  amphibians  (Eisler,  1987b).  Infmnation  on  PAH  toxicity  to  mammals 
deals  {ximarily  wifo  cardnogeoic  or  mutagenic  effects.  Chronic  oral  exposures  of  mice  to 
benzo(a^tyrene  caused  stomach  tumors  at  doses  as  low  as  50  mg/kg  in  foe  diet.  Also, 
jqiplkation  of  some  PAHs  to  moose  sldn  has  produced  skin  tumors.  Immunosiqtpression  has 
been  noted  in  mioe  eqmsed  to  certain  PAHs.  Acute  oral  LDn  values  for  ben20(a)pyrene, 
phenanforene,  naphfoakne,  and  fluoranfoene  are  rqtorted  to  be  50,  700,  1780,  and  2000 
mg/kg  body  wdgitt,  respectively,  in  rodents.  Stfochronic  studies  involving  mouse  oral 
eiqKMure  to  benB)(a)pytene  were  used  to  derive  a  NOAEL  of  125  mg/kg  body  weight/day 
and  a  LOAEL  of  250  mg/kg  body  weight/day  for  both  fluoranfoene  and  pyrene  (EPA, 
1988e).  Similarly,  a  NOAEL  of  10  mg/kg  body  wdght/day  and  a  LOAEL  of  40  mg/kg 
body  weight/day  were  derived  for  phenanforene  from  acute  studies  ^fackenzie  and 
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Antevine,  1981).  PAHs  fcnenlly  do  not  bionugnify  in  food  chains  de^nte  being  highly 
lipid  soluble  because  they  are  fondly  m^abolized  (Eisler,  1987b). 

Chronic  feeding  studies  widi  nudlards  fed  diets  containing  4,000  mg/kg  PAHs 
showed  few  agns  of  toxicity,  sudi  as  devated  liver  wdght  and  increased  blood  flow  to  the 
liver  (Eisler,  1987b).  Other  data  suggest  that  some  PAHs,  paiticulariy  7,12- 
diniethytbenz(a)anthraoene  and  benzo(a)pyrene,  can  cause  raibiyotoxicity  when  applied  in 
micrditer  quantities  otemally  to  nullard  eggs. 


Most  data  available  on  the  toxicity  of  PAHs  to  amphibians  focus  on 
carcinogenic  effects  (Eisler,  1987b).  ImplanttUion  of  1.5  mg  of  benzo(a)pyTene  crystals  into 
the  abdtMiiinal  cavities  of  immature  and  adult  South  African  clawed  toads  resulted  in 
lymirtioid  tumors,  but  young  toads  were  less  likely  to  develop  turnon  than  adults.  Hqtatic 
turnon  were  induced  in  tiger  salamanden  {Amtysuma  tigrinum)  by  intnqxritoneal  injection 
of  perylene.  High  incidence  of  cancer  and  abnormal  metabolite  ratios  were  also  observed  in 
tiger  salamanden  exposed  to  high  concentratkms  of  PAHs  (Power  et  al,  1989).  Nt^thalene 
was  shown  to  cause  decreased  swimming  in  clawed  toads  after  6  houn  of  exposure  to  1.7  to 
2.3  mg/L,  neurotoxic  effects  at  0.5  to  3  mg/L  waier,  and  loss  of  pigment  at  3.7  mg/L 
(Edmisten  and  Bantle,  1982).  The  96-hour  LCjo  ^  clawed  toads  is  rqxwted  as  2.1  mg/L. 


Ptants.  Plants  abs(»b  PAHs  through  dieir  toots  and  translocate  them  to 
dongadng  shoots  and  other  jdant  tissues  even  though  PAHs  are  lipid  soluble  (Eisler, 

1987b).  There  is  no  evidence  that  plants  concentrate  PAHs  above  die  levds  of  dieir  sur¬ 
roundings  and  PAH-induoed  toxic  effects  are  tare.  The  fete  of  PAHs  widdn  ^ants  is  largely 
unknown,  as  ue  the  inqdications  of  toxicity  to  hobivotous  wildlife.  Uptake  tales  of  PAHs 
are  dqiendent  tqxm  concentration,  water  scdubility,  soil  type  and  whedire  die  PAH  is  in 
vapor  or  particulate  form.  Plants  tend  to  absorb  lower  molecular  weight  PAHs  more  readily 
dian  hi^  rntdecular  weight  PAHs. 
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Aakub.  The  toxicity  of  the  inoriganic  ekmeats  found  in  ac^,  sediments, 
and  sorfKe  water  at  OU  S  has  been  reviewed  in  idation  to  their  effects  on  mammals,  birds, 
and  anqthibians  by  various  authors  (see  Romanoff,  1972;  Luckey  and  Venugopal,  1977; 
Underwood,  1977;  Venugopal  and  Luckey,  1978;  Friberg  et  al,  1979;  Eisln,  198Sa,  198Sb, 
1986,  1987a,  1988a,  1988b;  and  Scheuhammer,  1987). 

A  number  of  inorganic  elements  are  essential  in  small  amounts  for  animal 
nutrition  because  they  are  an  int^ral  part  of  at  least  one  enzyme  (Underwood,  1977; 
Clarkson,  1979;  Robbins,  1983).  Examples  include  arsenic,  calcium,  chromium,  copper, 
iron,  magnesium,  manganese,  potassium,  sodium,  and  zinc,  among  those  measured  at  OU  S. 
The  animal  body  has  developed  a  variety  hmneostatic  medumisms  with  r^ard  to  these 
essential  macro  and  trace  elements,  so  they  are  less  likely  to  produce  toxic  effects  at  elevated 
concentrations  than  are  die  non-essential  elements  sudi  as  cadmium  and  lead.  Nevertheless, 
some  essential  elements  can  overtriielm  or  drcum'rent  those  control  medumisms  to  produce 
toxic  effects  in  wild  birds  and  mammals  (for  exanqde,  selenium;  see  Ohlendorf,  1989). 

The  toxidty  of  many  dements  is  greatly  influenced  by  die  chemical  state  in 
whidi  diey  occur  in  the  animals’  food,  water,  or  air.  Therefore,  total  concentrations  of  these 
elonents  in  water,  soil,  or  air  are  not  generally  good  indicatins  of  potentially  toxk:  exposure; 
concentratiofis  in  die  food  are  usually  the  most  important.  However,  because  potentially 
toxic  trace  elements  occur  in  many  different  forms,  even  the  total  concentration  of  some 
elements  in  the  diet  may  not  be  a  good  predictor  of  toxicity. 

The  toxicity  of  inorganic  elnnents  in  the  diet  varies  so  widdy  diat  it  is  not 
practical  to  list  ^lecific  ooncentradons  that  cause  adverse  effects  under  conditions  of  acute  or 
chronic  exposure.  Furthermore,  die  rqmrted  coocentratioos  in  sediments/soila  or  surface 
water  cannot  reasonably  be  extrapdated  to  the  concentrations  that  might  occur  in  foods  of 
birds  and  mammals  livii^  in  OU  3;  only  the  concentrations  measured  in  plants  are  useful  for 


this  puipooe.  The  foUowing  general  summary  of  the  relative  toxicity  of  inorganic  elements  is 
iMsed  primarily  on  reviews  by  Romanoff  (1972),  Underwood  (1977),  Luckey  and  Venugopal 
(1977),  Venugopal  and  Luckey  (1978),  Fribetg  et  al  (1979),  Gough  et  al  (1979),  Sax  (1984), 
Eisler  (198Sa,  198Sb,  1986,  1987a,  1988a,  1988b),  and  Scheuhammer  (1987).  The  various 
elements  are  divided  into  bond  valence  groups  as  depicted  on  the  periodic  table  of  dements. 

Gronp  I.  Potassium  and  sodium  are  essential  macroelements  that  are  con¬ 
sidered  to  be  harmless  and  generally  nontoxic.  Copper  is  an  essential  trace  ntetal  that 
stimulates  growth  when  moderatdy  high  levds  (about  100  times  the  dietary  allowances)  are 
fed  to  mammals,  even  though  it  is  highly  toxic  to  aquatic  organisms.  Observed  LDw  values 
for  laboratory  tats  include  140  mg/kg  body  wdght  (copper  chlmide),  29  mg/kg  body  weight 
(ciqmc  perchkxate),  940  mgdcg  body  weight  (cupric  nitrate)  and  960  mg/kg  body  weight 
(copper  sulfste)  in  the  diet  (Venugopal  and  Luckey.  1978).  The  maximum  chronic  tolerated 
levd  in  grazing  animal  diets  is  25  to  300  mg/kg  (Bodek  et  al,  1988).  Based  <mi  subdironic 
laboratcffy  studies,  a  NOAEL  of  12.5  mg  Cu/kg  body  weight/day  and  a  LOAEL  of  4.2  mg 
Cu/kg  body  wdght/day  were  derived  fcv  rats  (Mur|rfiy  et  al,  1981;  Massie  and  Aiello  ,1984.) 
Silver  is  a  nonessential  metal  that  is  moderately  toxic  but  poorly  absorbed  from  the  gut  when 
ingested. 


Graup  n.  Magnesium  and  calcium  also  are  essential  macroelements  for 
animals,  and  barium  is  stimulatory  but  not  essential.  All  three  are  considered  rdativdy 
nonUndc  at  physiologic  levels  but  definitely  toxic  at  higher  leveb.  Rqtorted  LD^  values  for 
labmatory  animals  eqwsed  orally  to  barium  include  54  mg/kg  body  weight  (barium  chloride- 
mouse),  150  mg/kg  body  weight  (barium  chltnide-iats),  and  175  mg/kg  body  weight  (barium 
sUicofluoride-rat)  (Venugopal  and  Luckey,  1978).  Lifetime  exposure  of  rats  and  mice  to  5 
mg/L  barium  in  drinking  water  (sqtpfoximatdy  0.25  mg/kg/day  for  tats  and  0.825  mg/kg/day 
for  mice)  resulted  in  no  adverse  effects  (Schroeder  and  Mitchener,  1975a,  1975b). 

Berylliuffl,  cadmium,  and  mercury  ate  nonessential  elmnents  that  are  stimulatory  at  very  low 
doaes  but  become  highly  trade  at  relatively  low  levels.  Beryllium  and  mercury  ate  more 
toxic  than  otiier  metals  in  tins  groiqt.  However,  gastrointestinal  absorption  of  soluble 
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beryllium  salts  in  mammals  is  poor  and  depends  on  the  ingested  dose.  There  are  few  reports 
of  beryllium  tonicity  following  oral  exposure.  In  a  study  using  rats,  a  NOAEL  of  0.54 
mg/kg  body  weight/day  and  a  LOAEL  of  0.8S  mg/kg  body  weight/day  were  rqwrted  for 
chronic  oral  exposure  to  beryllium  (Schroeder  and  Mitchener,  1975a  and  b).  Homeostatic 
mechanisms  maintain  normal  levels  of  magnesium  and  calcium,  and  to  a  certain  extoit 
barium  and  strontium,  but  beryllium  and  cadmium  are  not  controlled  by  homeostasis. 
Cadmium  toxicity  to  mammals  varies  widely  and  is  influenced  by  external  factors.  Cadmium 
exposure  can  cause  derangcnient  in  carbohydrate  and  mineral  metabolism  in  renal,  hq»tic, 
testicular,  and  prostate  fimctions  and  disturbs  the  int^rity  of  the  central  nervous  system 
(Voiugopal  and  Luckey,  1978).  Various  LD^  values  rqwrted  for  laboratory  animal  exposed 
oiaUy  to  cadmium  salts  include:  88  mg/kg  body  weight  (cadmium  chloride-rat),  150  mg/kg 
body  weight  (cadmium  fluoride-guinea  pig),  and  660  mg/kg  body  weight  (cadmium 
succinate-rat).  Chronic  ingestion  of  cadmium  at  low  levels  by  rats,  rabbits,  lambs,  pigs,  and 
calves  results  in  diminished  growth  and  feed  conmmptimi  (Nomiyama  et  al,  1973;  Doyle  et 
al,  1974;  and  Cousins  et  al,  1973).  Using  laboratory  'ats,  a  NOAEL  of  0.004  mg/kg  body 
weight/day  and  a  LOAEL  of  0.014  mg/kg  body  weight/day  were  derived  for  oral  nposure  to 
cadmium  (Kopp,  1982).  Barium,  beryllium,  cadmium,  and  mercury  are  retained  in  the 
tissues,  and  the  body  levels  of  these  metals  increase  wife  age.  Zinc  is  an  essential  trace 
metal  that  is  relatively  nootoxic  because  of  efficient  homeostatic  mechanisms  that  maintain  a 
proper  balance  within  the  body.  Rqwrted  LD,o  values  for  laboratory  animals  exposed  to 
ziiK  salts  <»ally  iiwlude:  45.7  mg/kg  body  weight  (zinc  phoq>hide-rat),  250  mg/kg  body 
weight  (zinc  chloride-guinea  pigs),  and  350  mg/kg  body  weight  (zinc  chloride-mice  and  rats) 
(Venugopal  and  Lackey,  1978).  A  subduonic  NOAEL  of  98.3  mg/kg  body  wdght/day  was 
rqwrted  for  rats  orally  exposed  to  zinc  in  their  feed  (Drinker  q  al,  1927).  Similarly,  a 
chronic  LOAEL  of  38  mg/kg  body  wdght/day  was  derived  fot  mice  exposed  to  zinc  in 
drinking  water  (Aughey  tt  al,  1977). 

Group  ni.  No  Group  m  metals  are  kitown  to  be  an  essential  element  in  ani¬ 
mal  nuttitkm.  Intestinal  absorption  of  aluminum  is  generally  very  pow  and  its  toxicity  is 
low  in  comparison  to  feat  of  many  ofen  mdals.  Thallium  is  potentially  toxic  when 
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adminismed  onlly,  but  behaves  like  potassium  in  its  m^abolism.  There  iqipaiently  are  no  ^ 

homeostatic  mechanisms  to  oontrrd  the  levels  of  Qmap  m  metals  in  animals. 

Group  IV.  Lead  is  a  nonessential  mmal  that  is  readily  absorbed  firom  the 
digestive  tract.  Organic  lead  compounds  ate  more  toxic  than  ate  inorganic  salts,  because  of  * 

their  greater  Iqnd  stdubility,  stability  in  biological  fluids,  and  penetration  into  tissues  such  as 
brain  and  lodgement  in  the  central  nervous  system.  Soluble  lead  salts  are  mcHe  toxic  than 
insoluble  salts,  and  rabbits  and  guinea  pigs  are  naore  susceptible  to  lead  poisoning  than  rats  ^ 

and  mice  (Venugopal  and  Luckey,  1978).  Reported  oral  LDso  toxicity  values  for  laboratory 
animaU  include:  100  mg/kg  body  weight  (lead  arsenate-rat),  125  mg/kg  body  weight  (lead 
arsenate-rabbit),  2,0(X)  mg/kg  body  weight  (lead  chloride-guinea  |»g),  and  3,000  mg/kg  body 
weight  (lead  lactate-guinea  pig).  A  chronic  NOAEL  of  0.45  mg/kg  body  weight/day  and  * 

LOAEL  of  2.8  mg/kg  body  wdght/day  have  been  rq»rted  for  rats  (Perry  et  al,  1988;  Azar 
et  al,  1973).  Adverse  effects  on  aquatic  biota  have  been  reported  at  watedxjrne  lead 
concentrations  of  1  to  5  mR/L.  Lead  salts  are  only  toxic  b>  birds  at  a  high  dietary  dose  (100  ^ 

mg/kg  or  more),  with  most  operiments  omducted  on  chickens  and  other  gallinaceous  birds 
(WHO,  1989).  Exposure  of  quail  from  hatching  through  rq[noductive  age  resulted  in  effects 
on  egg  production  at  dietary  levels  of  10  mg/kg. 

) 

Group  V.  Arsenic,  antimony,  and  vanadium  are  nonessential,  potentially 
toxk  elements.  In  general,  inorganic  arsenic  compounds  are  more  toxic  than  organic  arsenic 
compounds,  and  trivalent  compounds  (in  the  form  of  soluble  arsenite)  are  far  more  toxic  than  ^ 

poitavalent  conqwunds  (arsenates).  Arsenic  is  a  toatogen  and  carcinogen  that  inoduces 
ti^th  and  malformations  in  many  qwcies  of  mammals.  Rqxvted  oral  LD^  values  for  rats 
and  mice  indude:  8  mgAcg  body  weight  (arsenic  pentoxide-rat),  14  mg/kg  body  weight 
(potassium  azsenite-iat),  43  mgAcg  body  wdght  (arsenic  trioxide-mouse),  143  mgA%  body  ' 

weight  (arsenic  trioxide-rat),  and  794  mgAcg  body  weight  (calcium  arsraate-mouse) 

(Venugopal  and  Luckey,  1978;  Eisler,  1988a).  In  chronic  studies  widi  (fogs,  a  NOAEL  of 
1.2  mgAcg  body  weight/day  and  a  LOAEL  of  6.4  mg/kg  body  weight/day  woe  rqxxrted  for 
ingestfon  of  arsenic  in  drinking  water  (Byron  et  al,  1967).  Antinuny  salts  are  inherently 
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u»dc,  but  thqr  are  relatively  insoluble  and  less  toxic  than  antimony  metal.  Acute  vanadium 
ejqKMure  to  animals  affects  the  cential  nervous  system,  lungs  and  kidneys  (Klaaasen  et  al, 
198Q.  Acute  studies  of  laboratory  animals  have  shown  that  inhalation  vanadium  in  dust 
results  in  reqniatcny  dqireasion,  whereas  subacute  studies  have  suggested  that  the  liver,  bone 
marrow,  and  adrenal  glands  may  also  be  affected.  In  chronic  studies  in  which  rats  were 
exposed  to  vanadium  in  drinking  water,  a  NOAEL  of  0.7  mg/kg  body  weight/day  and 
LOAEL  of  2.8  ntg/kg  body  weight/day  woe  rqxxted  (Schroeder  et  al,  1970;  Kowalski, 
1988). 

Group  VL  Chromium  and  sdoiium  are  essential  trace  elements  for  animals, 
but  bodi  are  toxic  at  high  doses.  Hexavalent  chromium  is  the  most  bkdogically  active  fcmn, 
although  little  is  known  about  the  propoties  of  organochromium  compounds,  water-soluble 
q)ecies,  or  their  inteiactioos  in  con4)lex  mixtures.  However,  in  mammals  hexavalent 
chromium  is  chemically  reduced  in  the  acid  fluid  of  the  stomach.  A  NOAEL  of  0.46  mg/kg 
body  weight/day  has  been  r^KRted  for  rats  chronically  e3qx>aed  to  chromium  in  the  diet, 
however  no  LOAEL  was  rqKirted  (Schroeder  et  al,  196S).  Chromium  concentrations  are 
usually  highest  in  the  lowest  trophic  levels,  and  no  biomagnification  has  been  observed  in 
food  chains.  Selenium  is  more  toxic  than  chromium  and  die  difference  between  essential 
dietary  kvds  and  toxic  kvds  is  narrow.  Selenium  is  teratogenic  and  has  significant  toxic 
effects  on  rqnoduction  and  calcification.  ExcretcRy  mechanisms  exist  for  maintaining  tissue 
levels  of  both  chromium  and  selenium,  but  they  are  limited  in  their  ability  at  high  dietary 
concentratioos. 

Group  Vn.  Manganese  salts  appear  to  be  the  least  toxic  of  the  essential 
metals.  An  efficient  homeostatic  mechanism  {Revents  manganese  accumulation  in  tissues, 
and  toxic  effects  of  manganese  are  not  clearly  manifested.  In  one  study,  a  NOAEL  of  290 
mg/kg  body  weight/day  and  a  LOAEL  of  930  mg/kg  body  wdght/day  were  rqiorted  for  rats 
esqmsed  chronically  to  manganese  in  the  diet  (Hejtmandk'et  al,  1987a,  1987b). 
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Gmv  Vm.  Iron  is  an  essential  metal  that  is  genetally  oonsideied  to  be  of  <1 

very  low  tooddty  to  animals.  Reported  oral  LOso  values  Ux  iron  exposure  to  laboratory 
animab  include:  900  mg/kg  body  weight  (ferric  chkmde-rat),  984  mgAcg  body  weight  ^ 

(ferrous  chloride-rat),  1,170  mg/kg  body  weight  (ferrous  sulfete-mouse),  1,480  mg/kg  body 
weight  (ferrous  sulfeie-rat),  and  3,230  mg/kg  body  weight  (ferric  nitrate-rat)  (Venogopal  and 
Luckey,  1978).  Nickel  is  presumed  to  be  an  essential  dement  but  its  metabolic  functions  are 
less  known  dian  those  fot  iron.  Nickd  is  rdativdy  nontoxk,  ranking  with  iron,  cobalt, 
copper,  dmxnium,  and  zinc.  A  NOAEL  of  3  mg/kg  body  weight/day  and  LOAEL  of  30 
mg/kg  body  wdght/day  were  teptated  for  rats  chronically  exposed  to  nickd  in  the  diet 
(Ambrose  et  al,  1976).  Cobalt  is  an  essential  metal  that  has  a  potential  for  toxidty  if 
excessive  amounts  are  ingested  (Klaassen  et  al,  1986).  In  a  subdttonic  study,  a  NOAEL  of 
0.03  mg/kg  body  wdght/day  and  a  LOAEL  of  0.3  mg/kg  body  weight/day  were  rqxxted  for 
rats  orally  exposed  to  cobalt  (Krasovskii  and  Fridlyand,  1971). 

AmphibiaiM.  Additional  information  is  summarized  here  for  amphibians  ^ 

because  die  kinds  of  exposures  that  are  typically  tested  are  more  qiplicable  to  toxidty 
assessment. 


Metals  are  toxic  to  amphibians  and  readily  accumulate  in  body  tissues  (Power 
et  al,  1989).  Mdal  concentrations  present  in  tissues  are  often  much  greater  then  environ¬ 
mental  levels,  and  can  be  bioaccumulated  in  the  food  diain.  Amphibians  are  most  sensitive 
to  the  toxic  effects  of  metab  while  still  in  the  egg.  The  larval  form  b  slighdy  less  sensitive 
followed  by  die  adult  s^udi  b  the  most  resistant. 

bi  an  acute  study,  Gastrophryne  carottnensis  eggs  eaqiosed  to  arsenic  from 
fertilization  to  4  days  posdiatch  exhibited  a  96  hour  LC^  of  0.04  mg/L  (Power  et  al,  1989). 

Cadmium  affeds  the  devdopment  and  survival  of  anqidiibians  (Power  et  al, 
1989).  Leopard  frt^  (Ama  ff^riens)  eggs  which  were  exposed  to  2.3  mg/L  of  cadmium 
showed  no  fiirdier  devdofnnent.  Exposure  to  lowo^  concentrations  gready  decreased 
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survival.  Expoture  of  the  salamander  Notopk^tahtm  viridescau  to  2.0  to  6.7S  mg/L  of 
cadmium  for  31  days  resulted  in  retarded  limb  r^eneration  at  the  lower  concentrations  and 
nKWtality  at  the  higher  concentrations.  Limb  r^eneration  in  those  diat  survived  was  retarded 
and  numerous  abnormalities  were  present.  A  96  hour  LCw  of  0.04  mg/L  was  rqmrted  fw 
G.  caroUnensis  eggs  exposed  to  cadmium  from  fertilization  to  4  days  posthatch. 

CtmHnium  residues  measured  in  fidd  collected  R.  esadenta  frogs  showed  that 
residue  levels  were  much  lower  in  dw  neom^amorphosed  frogs  dtan  in  tadpoles  (Power  et 
al,  1989).  The  decrease  in  residue  levels  was  due  to  the  change  in  diet.  Tadpoles  were 
primarily  herbivorous,  whereas  the  adults  were  insectivorous.  Acute  studies  with  G. 
caroUnensis  eggs  resulted  in  a  96  hour  LCjo  of  0.(^  mg/L. 

Cobalt  altm  qndidial  cdl  membrane  permeability  by  combining  with 
sulfhydryl  groups  within  the  membrane  (Power  et  al,  1989).  An  acute  %  hour  LCjo  for  G. 
caroUnensis  eggs  exposed  from  fertilization  to  4  days  posthatch  was  rqmrted  as  O.OS  mg/L. 

Copper  is  often  i»esent  in  acid  mine  drainage  (Power  et  al,  1989).  Acute  96 
hour  LC50  values  rqxnted  for  diffdent  amphibians  include:  0.32  mg/L  for  Btfit  meianosticus 
tadpoles,  3.04  and  3.38  mg/L  for  1  week  old  and  4  week  old  Mkrohyla  omasa,  reqwctivdy, 
and  0.04  mg/L  for  G.  caroUnensis. 

Lead  has  a  number  of  toxic  effects  in  amphibians  (Power  et  al,  1989).  Lead 
has  been  shown  to  bind  to  melanin  jnesent  in  amphibian  skin.  Toads  with  darkm  sldn  (more 
melanin)  accumulated  significantly  more  lead  than  toads  with  light  colored  sldn  (less 
mdanin).  Lead  also  inhibits  hematopoietic  tissues  resulting  in  a  reductitm  in  the  number  of 
red  and  t^te  blood  cells,  causes  discoloration  of  the  liver,  and  affects  vision.  Acute  96 
hour  LC50  for  G.  caroUnensis  has  been  rqxwted  as  0.04  mg/L. 
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Mangaiiese  alien  die  sodium  permeability  in  monbianes  and  may  decrease 
metabolic  tales  (Power  et  al,  1989).  caroimensis  eggs  exposed  to  manganese  from 
fertilization  to  4  days  posthatch  were  repmted  to  have  a  96  hour  LCjo  of  1.42  mg/L. 

Nickel  has  been  shown  to  affect  myelinated  nerves  by  slowing  down  the 
kinetics  of  die  potassium  system  (Power  et  al,  1989).  Decreased  metabolic  rates  in  feogs 
located  near  metalluigic  worksites  have  also  been  rqx»ted.  An  acute  96  hour  LCjg  of  O.OS 
mg/L  has  been  reputed  for  O.  caroUnensis  exposed  from  fertilization  to  4  days  posthatch. 

Selenium  is  an  essential  trace  element,  but  can  be  toxic  at  higher 
concentrations  (Power  et  al,  1989).  Exposure  of  Xenopus  laevis  mnbryos  to  low 
concentratioos  of  selenium  had  increased  survival  rates  compared  to  controls  not  exposed  to 
selenium.  At  increased  concentrations  of  2.0  mg/L  and  highm,  decreased  survival  rates  were 
observed.  Survivon  from  the  higher  concentratioos  exhibited  numerous  abnormalities.  L  i 
treated  with  selenium  exhibited  spine  curvatures,  tail  flexures,  and  malformed  heads. 

Tadpdes  treated  with  selenium  exhibited  qMthelial  blisters,  abdominal  edema,  d^eneration 
of  muscle  cells,  erratic  swimming,  and  sluggishness.  G.  caroUnensis  ^s  were  much  more 
senntive  to  selenium  dian  X  iaevis  mth  a  96  hour  LC^o  of  0.09  mg/L. 

Zinc  exerts  its  toxic  effects  on  the  nervous  system  and  on  epithelial  cdls 
(Powtx  et  al,  1S189).  Zinc  slows  the  kinetics  of  the  potassium  system  in  mydinated  nerves 
and  alten  sodium  and  potassium  kinetics  across  cdl  mmnbranes.  Apb  boreas  tadpoles  were 
much  more  resistant  to  zinc  dian  G.  caroUnensis  ^s.  Exposure  of  B.  boreas  to  0.1  mg/L 
for  61  days  resulted  in  no  mortality,  whoeas  G.  caroUnensis  had  a  96  hour  LC^  of 
0.01  log/L. 


Plants.  The  ratio  of  manganese  to  iron  affects  die  uptake  and  translocation  of 
iron  in  a  jdant.  Iron  is  t^>ialocated  in  greater  concentrations  from  die  root  to  the  shoots  and 
leaves  as  die  concentration  of  manganese  increases  (Ghosh  et  al,  1987).  However,  with  an 
excess  of  manganese,  iron  ddidency  may  occur  in  the  protoplasm  (Erkama,  1950). 
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Manganeae  can  oooqwlB  with  iron  for  uptake  and/w  translocation  causing  iron  ddlckncy  and 
chlorosU  in  addition  to  its  own  toxicity  (Hue  et  al,  1988).  Also,  the  budogical  activity  of 
iron  can  be  affected  by  the  concentration  of  manganeae  and  of  cobalt.  Iron  is  reduced  frmn 
Fe*^  to  the  biologically  active  form.  This  reduction  takes  place  in  the  roots  as  well  as 
in  the  leaves  (Poachentieder  ct  al,  1991).  A  high  manganese  to  iron  ratio  can  inhibit  the 
reduction  of  iron.  Thus,  it  is  possible  to  have  high  concentratkms  of  iron  in  the  leaves,  yet 
the  leaves  can  be  chtototic  because  the  iron  is  biologically  unavailable. 

In  all  pairings  of  affected  and  nonaffected  jdant  soil  samples  from  OU  S  but 
one,  SL19S12A  and  SL19S12N  (that  is,  SL19  soil  from  2  to  12  inches  deep),  the 
concoitration  of  manganeae  was  higher  for  affected  plant  soil  samples  than  nonaffected  plant 
ami  aam|ties.  In  all  cases,  die  iron  to  manganeae  ratio  was  higher  in  the  nonaffected  plant 
soil  samples  than  in  the  affected  mies.  The  foliage  analysis  shows  that  in  9  out  of  13  foliar 
analyses,  affected  (riants  had  higher  concentrations  of  manganeae  than  did  nonaffected  plants. 

Cobalt  also  can  affect  the  biological  activity  of  iron.  Cobalt  competes  with 
iron,  and  as  the  concentration  of  cobalt  increases,  the  concentration  of  iron  in  dUorophyll 
decreases  (Blaylock  et  al,  198S).  Looking  at  the  relationship  of  cobalt  in  affected  and 
nonaffected  plant  soil  samples,  thoe  is  a  slight  traul  of  high»  concentrations  of  cobalt  in 
affected  plant  soil  samples  than  in  nonaffected  soil  samples.  However,  titis  trend  is  so  slight 
that  it  probsd>ly  is  not  sigiuiicant. 

The  chlorods  appean  to  be  due  to  iron  deficiency  and  may  be  caused  by 
conpetition  from  other  metals,  posably  manganese.  Toxicity  from  otfter  metals  sudi  as 
manganeae  may  be  working  in  combination  witii  iron  deficiency.  Iron  levds  can  be  similar 
in  affected  and  nonaffected  fdants  because  of  the  ratio  of  bkdogkally  active  to  bidogically 
nonactive  iron. 

A  summary  of  rdevant  information  r^arding  bioaccumulation  of  metals  in 
common  species  present  m  tqnesentative  of  vegetation  at  Elmmdmf  AFB  is  {wesented  in 
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Table  6-38.  When  data  for  a  plaiit*i  leqwaae  to  multqde  etements  of  ooncern  are  available, 
tbe  data  are  preaented  by  apedes.  Where  a  lan^  of  doses  and  le^tonaes  were  reported,  die 
minimum  and  maximum  doses  and  responses  are  rqiorted.  In  most  cases,  die  reqxmse 
generally  varies  in  proportion  to  the  tqiplied  dosage. 

bi  general,  plants  eaqwsed  to  devated  concentrations  of  metals  in  smls  will 
take  iqi  some  fraction  of  the  metals  into  stem  and  leaf  tissues.  In  fireweed,  willow  and 
hmetail,  about  half  of  the  ^ifdied  cadmium  dose  was  taken  up  by  the  plant.  When  hcvsetail 
was  ea^osed  to  low  doses  of  cadmium,  there  seemed  to  be  some  biomagnification,  while 
about  half  of  a  high  dosage  was  retained.  In  contrast,  the  grasses  Agropogon  and  Avena 
appear  to  accumulate  levela  greater  than  the  metal  concentrations  of  the  soils  at  low  kveb, 
but  take  iqi  much  lower  fractions  of  the  soil  concentratioos  when  eaqiosed  to  high  doses. 

Grasses  exposed  to  manganese  in  the  soil  appear  to  readily  take  up  or  even 
biomagnify  this  dmnent  when  exposed  to  moderate  or  high  levels.  In  general,  both  coppm- 
and  lead  do  not  appear  to  accumulate  readily  in  stems  and  leaves  when  plants  are  exposed  to 
moderate  or  high  leveb  of  soil  concentrations. 

6  J  J.4  Risk  Characteriaathm 

Risks  of  adverse  effects  woe  characterized  by  conqnring  maximum  observed 
concentrations  of  the  sdected  contaminants  of  ecological  concern  (Table  6-36)  to  assessment 
levels  that  were  judged  moat  qiptoiHiate.  The  assessment  levels  included  ecological  effects 
coocemtatiooa,  background  concentrations,  or  interim  rmnediation  criteria  that  were 
preaented  in  Section  6.2.2.I.  Ibe  ecrdogical  quotients  along  with  die  ecological  endpoints 
and  assessment  criteria  are  presented  in  Table  6-39. 

The  ecrdogical  quotients  for  PAHs  in  sc^s  (302),  estimated  gaardine  vtqmrs  in 
soils  (291),  estimated  dkael  vsqiors  in  soils  (11.9),  bmon  in  amis  (18.6),  and  manganese  in 
soils  (10.5)  were  highest,  meaning  diat  di^  may  represent  the  greatest  risks  to  ecrdogical 
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receptors.  However,  the  area  contaminated  with  PAHs  ^tpears  to  be  small,  seemingly 
limited  to  the  vicinity  of  SB29,  a  soil  boring  locatioo  near  SLQS.  Fud  hydrocarbons  are 
more  widely  distributed  and  present  risks  to  terrestrial  animals  through  inhalation  exposures 
in  aniinal  burrows,  contamination  of  bottcnn  sediments  in  the  golf  course  beaver  pond  (and 
perh^  dsewhere),  and  formation  of  surfi^e  sheens  at  seqts,  wetlands,  and  the  golf  course 
beaver  pood.  These  sheens  may  affect  semiaquatic  mammals,  birds,  and  frogs  using  the 
pood.  Those  animals  could  be  affected  directly  by  contacting  the  oil,  and  bird  ^  hatching 
success  may  be  reduced  by  transfer  of  oil  on  the  birds*  feathers  from  the  pond  surface  to 
shells  of  eggs  being  incubated.  However,  it  is  unknown  whether  Aid  hydrocarbons  caused 
rqnoducdve  impairment  of  ducks,  gulls,  and  sandiHpers  because  eggsheUs  were  not  visibly 
contaminated. 

It  is  also  unknown  whedier  the  scarcity  of  aquatic  v^etatkm  in  die  golf  course 
beaver  pood  (conqiared  to  othos  such  as  the  one  at  SL29)  is  caused  by  fud  hydrocarbon 
contamination  of  sediment  in  the  pond. 

The  devated  soil  manganese  concentrations  seem  to  be  the  most  likdy  cause 
of  fdant  stress  observed  at  various  OU  5  locations. 

Ecdc^ical  quotients  in  the  range  between  5  and  10  included  lead  and  molyb¬ 
denum  in  sdls  from  die  fdant  stress  samiding  sites  (Table  6-39).  Other  ecdogical  quotients 
for  contaminants  of  concern  were  between  1  and  5.  Contaminants  widi  quotients  below  1 
were  not  considered  to  be  of  ecological  coocot  and  are  not  listed  in  the  table. 


mad  IJmItathms 


General  habitat  conditions  in  areas  surveyed  during  the  qualitative  surveys  in 
1992  are  similar  to  those  described  in  earlia  studies.  These  studies  included  ecological 
surveys  by  Rothe  et  al  (1983),  and  observations  of  fud  hydrocarbon  contamination  in  areas 
bdow  die  bluff  (summarized  in  Section  1  of  this  rqxnt).  These  conclusions  are  limited  by 
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the  level  of  detail  widi  vdiich  die  genenl  habitat  conditions  were  surveyed.  This  ecological 
risk  assessment  is  being  conducted  using  a  phased  ^iptoach,  as  described  in  the  Site 
Management  Plan  (CfiQM  Hill,  1992d).  The  intent  was  to  detomine  whether  ecological  risk 
can  be  characterized  at  the  end  of  one  field  season  on  die  basis  of  qualitative  surv^s  and 
limited  ecological  sampling. 

There  was  evidence  of  impaired  ecosyriem  health,  as  shown  by  plant  stress 
d  possibly  by  reduced  egg  hatching  success  in  semi-aquatic  birds  diat  nested  in  die  vicinity 
of  several  surfiioe  water  bodies.  Causes  of  the  fdant  stress  could  not  be  identified  defini¬ 
tively,  but  th^  ^ipeared  to  be  some  fiictor  other  than  fuel  hydrocarbons.  The  most  likely 
cause  seemed  to  be  mineral  imbalances  related  to  elevaded  manganese,  and  potentially  cobalt, 
phoqihcmis,  and  pH  in  areas  where  {dants  showed  signs  of  stress.  The  plants  ediibited 
symptoms  of  iron  deficiency  (interveinal  chlorosis),  although  they  contained  high 
concentrations  of  iron.  Detailed  biochemical  analyses  and  bioassays  were  not  performed,  so 
the  conclusions  are  limited  to  genoal  associations  of  observed  effects  diat  are  similar  to 
effects  described  in  the  litoature.  Krd  nests  were  mariced  when  diey  were  found  during 
general  surveys  near  the  wetlands/surface  water  bodies.  The  number  of  nests  was  not 
adequate  to  determine  causes  of  nesting  failure,  but  the  surveys  accomplished  tiieir  intended 
purpose  (to  characterize  ecological  recqitors  in  OU  S  and  screen  for  possible  ecological 
effects). 


Hie  risk  characterization  indicated  that  the  most  likely  impacts  of  contaminmits 
on  terrestrial  ecdogical  reocptors  in  OU  5  would  be  caused  by  (1)  inhalation  exposure  of 
small  mammals  to  fud  hydrocarbon  vapon  when  the  animals  were  in  tiieir  burrows, 

(2)  dermal  contact/absorption  of  fuel  hydrocarbons  by  semiaquatic  mammals,  birds,  and 
wood  frogs  in  the  golf  course  beava  pond  (ot  elsewhere  when  surfoce  sheens  are  present), 
and  (3)  metsdxtiic  uptake/inhibitioo  effects  of  inorganics  by  plants  near  seeps  and  wetlands 
where  ftiants  exhibited  rigns  of  stress.  Limitations  of  these  conclusions  are  that  (1)  soil 
viqior  concentrations  were  not  always  measured  or  estimated  within  the  top  foot  of  soil  where 
small  mammal  burrows  occur  (concentrations  were  estimated  fiom  soils  or  groundwater. 
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aomedmes  at  depHa  of  a  few  feet,  but  the  shallow  soils  fhMn  i^t  stress  areas  (Tables  4-20, 
6-29,  and  6*3(q  were  wdl  above  the  effects  levels  for  mammals),  (2)  although  surfece  dieens 
ot  fuel  hydrocaiboos  were  observed  on  the  beaw  pood,  animals  were  not  seen  in  direct 
contact  wife  the  sheens  and  soiling  eggshdls  was  not  observed,  and  (3)  fee  analyses  of 
soils  and  stressed  fdants  were  conduced  as  an  expltnatory  survey  and  fee  data  are  not 
adequate  to  reach  definitive  conclusions  about  the  causes  of  stress. 

A  seemingly  small  area  having  a  hi^  concentration  of  PAHs  was  found 
through  sanqding  in  fee  lower  bluff  area  (SB29,  near  SL05).  The  areal  extent  of  this  con¬ 
tamination  is  not  known  and  the  composition  of  the  PAHs  is  not  known. 

Comparing  observations  during  the  terrestrial  ec(fe>gical  survey  and 
conclusions  of  fee  risk  characterization  to  ARARs  indicates  that  federal  water  quality  criteria 
and  Alaska  WQS  for  fuel  hydrocarbons  are  not  being  met  in  the  golf  course  beaver  pond. 

Small  resident  predatory  mammals,  such  as  shrews,  could  be  exposed  to 
elevated  dietary  leveb  of  some  inorganic  dements,  such  as  lead,  that  may  bioaccumulate  in 
their  prey.  However,  the  risks  associated  wife  feat  exposure  pafeway  could  not  be 
detomined  because  dietary  crenposition  and  contaminant  concentrations  in  jney  were  not 
measured.  Available  data  were  also  considered  inadequate  for  modeling  this  exposure. 

Potential  effects  of  animals’  expmure  to  mult4>le  contaminants  or  to  various 
contaminants  through  more  than  one  exposure  pafeway  were  not  assessed  because  of  data 
limitations.  Itoe  effects  were  evaluated,  however,  for  inorganics  in  relation  to  plants,  as 
described  in  eulier  parts  of  feis  section.  Multiple  exposures  for  aninuds  could  be  of  concern 
if  potential  intencdve  effects  are  identified  for  contaminants  of  ecological  concern. 
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7.0 


REMEDIAL  INVESTIGATiON  SUMMARY  AND 
RECCNMMENDAIIONS 


The  results  of  the  remedial  investigation  (RI)  of  Operate  Unit  (OU)  5  inrficate 
areas  of  soil,  sediment,  groundwater,  and  suiftce  water  contamination.  To  determine  which 
media  and  whidi  contaminants  need  to  be  remediated,  the  RI  results  were  conqiared  to  poten¬ 
tial  Applicable  or  Relevant  and  ^ipropriate  Requirements  (ARARs),  human  health  risks 
posed  by  the  contaminants,  and  ecological  risks.  The  comparison  witii  tiiese  three  criteria 
determined: 

•  Which  contaminants  exceeded  tiie  criteria.  These  became  the 
contaminants  of  concern  (COCs). 

•  The  concentrations  of  the  COCs  that  may  require  remediation. 

•  Which  media  may  require  remediation. 

•  The  migration  pathways  affected. 

These  four  fectors  —  COCs,  concentraticMis,  media,  and  migiatim  pathways  — 
in  turn  form  the  basis  of  die  Feasibility  Study  (FS).  The  most  important  factors  are  die 
identification  of  COCs  and  die  concentrations  of  COCs  that  may  require  remediation.  In  this 
rqxnt,  die  concentratioos  above  which  COCs  must  be  remediated  are  referred  to  as  interim 
remediation  goals,  because,  white  diey  are  based  tm  regulatory  requirements  and  site  data, 
they  are  not  die  negotiated  ctean-up  levels  for  OU  5. 

The  following  focused  studies  were  performed  after  the  RI  was  complied: 

•  A  polychlorinated  biphenyls  (PCBs)  study  in  die  snowmelt  pood; 

•  A  stream  gaging  effort  in  Ship  Credc;  and 

•  A  natural  attenuation  study  at  the  Beaver  Pond. 
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Ite  fiadiiigs  ct  ttieae  ttiidiet  are  pnaoiled  in  diis  Mctioa.  The  results  were  considered  in 
the  identificstkm  of  media  and  oon^wunds  to  be  addressed  in  die  FS. 


The  interim  remediation  goals,  the  comparison  of  RI  results  to  those  goals, 
and  recommendations  fior  areas  that  need  no  fuitlier  action  or  that  will  be  evaluated  in  the 
FS,  are  described  below. 


7.1 


The  interim  ranediation  goals  for  OU  S,  presented  in  Table  7-1,  form  the 
basis  for  summarizing  the  RI  results  and  identifying  areas,  media,  and  contaminants  that  are 
addressed  in  the  FS.  These  goals  set  action  levels  based  on  three  criteria  types: 


t 


1 


1 


Potential  Anohcable  or  Relevant  and  AoDropriate  Requirements 

(ARARsl  —  These  are  qwdfic  federal  and  state  contaminant-^tedfic 

action  levds  that  are  foi^  in  laws  and  reguladons.  They  also  include  t  # 

related  guidance  documents  (i.e.,  ”To  Be  Considered*  [TBC]),  which 

are  established  by  r^ulatwy  agencies  but  are  not  found  in  r^fulatioos. 

A  detailed  presentation  of  potential  ARARs  is  found  in  Appendix  N, 

Potential  ARARs  Identificaticm. 

> 

Human  Healtii  Risk  —  This  criterion  is  based  on  a  site-^edfic  health 
risk  assessment  (HRA)  which  measures  carcinogenic  and  noocardno- 
genk  risk,  fdlowing  United  States  Environmental  Protection  Agency 
(U.S.  EPA)  guidelines. 

Ecological  Risks  —  These  are  risks  or  potential  inqncts  to  ecological 
recqNixs  that  are  not  covered  by  q)eci&  ARARs  or  the  HRA. 


Any  of  die  criteria  may  be  die  basis  for  identifying  a  qiecific  geographical  area,  medium, 
and/or  COC  for  further  study  in  the  FS.  Ctmtaminated  areas  that  are  not  identified  as  areas 
of  concern  according  to  the  above  criteria  and  die  RI  results  can  be  pursued  as  "no  fordm 
action*  sites.  These  goals  are  described  as  "interim*  because  they  are  soldy  ftv  die  purpose 
of  designating  areas  in  OU  5  diat  mi^  reasonably  require  rmnediation.  Per  Comprriiensive 
Environmental  Reqxmse,  Compensation,  and  Liability  Act  of  1980  (CERCLA)  guidance, 
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Table  7-1 
(Continued) 


btearfcn  Snncdi^kMi  Goni 

pll 

ofCoteBtefte 

God 

KaieRnea 

Water 

5  m*/L 

MCLs  (federal 

MCLs  are  enforceable 

(aadMteMl 

gmnhMter) 

TCE 

5  UglL 

and  Aladca) 

ARARs  under  fee 

Safe  Dfinkiag  Water 

TohMM 

Act 

biK2-E(hylliayl- 

phthalala) 

6  ngH. 

Ediylbaune 

700  ^g/L 

Xykaea  (lotel) 

Pnnnor 

Aiaeaic 

SOpg/L 

Lead 

IS  ugll- 

Total  hydrocatbona 

10  ngfL 

ASWQ  standards 

ASWQ  states  feat 
level  is  lesser  of  10 
HgfL  or  0.01  times 
fee  lowest  measured 

96  hour  LCSO  for 
most  sensitive  species 
at  fee  particular  loca¬ 
tion.  Level  is  IS 
pg/L  for  speciee  not 
dceignatifid  by  fee 
stale  as  'most  sensi¬ 
tive.*  10  fig/L  is 
selected  as  the  conser¬ 
vative  value. 

Hydrocaiboaa,  oil,  and 

Not  caiiae  visible 
sheens  or  discolor¬ 
ation 

ASWQ  standards 

Sheens  must  be  from 
COCs  and  not  natural 
sources. 

All  potential  COCi 
(i.e.,  PCBa,  PAHe, 
TFHb,  VOCa,  and 
inorganica  [except 
aiaenic])  at  a  apedfic 
location 

Total  carcinogenic 
risk  of  <  1  X  Iff* 

EPARisk 
Assessment 
Guidelines  for 
Superfond 

Upper  value  of  1  x 

Iff*  to  1  X  Iff*  EPA 
acceptaUe 
carcinogenic  risk 
range. 
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Table  7-1 


(Continued) 


PHHII 

ipW 

M"..  J::.. 

- - 

Widw 

(ocat.) 

gaaic  Haaid  tadn 

of  <  1 

EPA  acceptable 
noacarcinogeiuc  risk 

naga 

PCBc 

■1 

NAWQC 

This  goal  is  more 
ooaaervative  than  the 
MCLs. 

TPH 

TomI  SmI  hydmeafboai 

ACM 

AkSki  Omms  MsHis  fcr  aoa-UST  Mils 

ASWQ 

AkAs  SwAm  Walw  Quality  SMadMdi 

MCL 

MaskSHB  eoaeaeUMioa  kval 

TBC 

To  ba  eoakdarad 

COC 

CaaSMSiaaatofcoacwB 

TCB 

•ftkakaneliykaa 

FAH 

Iktycyclic  affoeetic  hydracatboea 

VOC 

VoM9t  <imHk>  coaipcNMHli 

KB 

TaMseUaioathykaa 

BTBX 

Smi  oClMdBMMIt  lokiMis  fMliyikfflMM  Md 

KB 

a - a^a - i - ^  _  j  a,«^a - S- 

mijuawsmunno  mpenoyre 

NAWQC 

Natkaal  Aatbkat  Waiar  QaaNly  Ciilark 

SQC 

SaSkMat  Quaiily  CiiMtk 

TOC 

Total  oitaak  oaiboe 
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filial  lanadiittkn  foils  ihauU  be  biMd  on  both  ARARs  and  risk,  and  lie  negotiatsd  between 
die  ftcilhy  and  the  ifeacies  on  a  ste-^edfic  basis. 

The  conc^tual  modd  identifies  the  contaminanit  migration  pathways  in  017  5. 
Identification  of  patiiways  provides  a  batis  for  evaluating  die  potential  for  ejqxMuie  of  human 
and  ecological  lecqitan  to  contaminants  detected  in  the  OU.  The  model  is  used  to  identiiy 
areas  addressed  in  the  FS.  Figure  7-1  shows  a  admnatic  of  the  migration  routes  of  con¬ 
taminants  toward  recquors.  Routes  of  migration  include  runoff,  seqM,  and  groundwater 
flow. 


# 


# 


Current  land  use  within  Elmendtxf  AFB,  but  downgradient  of  dte  pqidine 
sources,  includes  industrial  and  recreational  use.  The  downgradient  area  also  serves  as  a 
mayor  access  route  to  Elmendorf  AFB.  Land  use  between  Hmendorf  AFB  and  lower  Sh4> 
Creek  includes  railroad,  industrial,  and  fisheries  activities.  Water  use  varies  by  die  source  of 
the  water.  Only  the  lower  groundwater  aquifer  is  used  as  a  source  of  drinking  water. 
Recreational  users  may  come  in  contact  with  the  surface  water.  Surface  water  fecMn  Shq) 
Creek  is  used  fix  irrigation  of  the  golf  course,  for  coctiing  water  at  the  power  plant,  and  for 
hatchery  operations.  Ecological  lecqttors  include  toiestiial  and  aquatic  communities. 

Operable  Unit  5  covers  an  area  over  7,000  feet  long  and  over  1,200  feet  wide. 
The  OU  is  geographically  diverae,  ranging  from  a  steqt  bluff  to  a  broad  flat  area  in  the 
western  part  of  tim  OU  to  a  mast  gently  alo|»i^  bluff  leading  to  wetland  areas  in  the  eastern 
part  of  OU  5.  The  central  part  of  die  OU  is  a  transitional  area  with  a  bluff  and  some  surface 
water  features.  CThe  snowmelt  pond  and  a  fish  hatchery  are  located  in  this  area.)  The 
Installation  Restoratkm  Program  (IRP)  sites  located  within  OU  5  can  be  roughly  grouped  into 
western,  central,  and  easton  areas.  Because  of  the  geogitq)hic  setting  and  groiqnng  of  sites, 
the  conceptual  site  modd  of  OU  S  has  been  tUvided  into  dtese  three  geogreq>hical  areas, 
shown  in  Figure  7-2. 
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VOLATHJZATION 


Western  i  Central  i  Eastern 


» 

% 

m 

The  moet  likely  sources  of  cootaminatkxi  4>pear  to  be  ttuee  fud  pq)elines  and  # 

the  aasoctaled  fbd  distributioii  system  located  at  the  top  of  the  bluff.  This  system  includes  * 

stoiafe  tutks,  valve  pits,  tnidt  filling  stands,  and  abandoned  and  active  fiid  lines.  Subsur-  'S) 

fitte  leaks  in  the  fud  lines  and  sui&oe  ^nlls  wcse  reported  in  the  post  at  ST37,  ST38,  SS42, 

ST46,  and  SS53.  P^ieiines  have  been  repaired,  and  there  are  cuiready  no  known  i*aic«  in  I 


OU  3.  A  railroad  maintenance  operation  at  SD  40  was  consideml  a  potential  source  of  con¬ 
tamination.  The  opoation  was  never  verified,  and  no  contamination  can  be  attributed  to  acti¬ 
vities  at  die  location. 

k 

Potential  sources  in  other  OUs  include  sanitary  landfills  (OU  1),  fire  training 
areas  (OU  4),  a  solvent  diqwsal  trendi  (OU  3),  and  fud  inpdine  and  undergrouiul  storage 
tanks  managed  under  die  stale  environmental  program  that  could  be  affecting  groundwater  I 

and  surfince  water  quality  within  OU  3. 

The  organic  contaminants  of  concern  in  sdl  at  OU  3  include  fuels  (total  fiid 
hydrocarbon  in  the  diead  range  (TFH  diesd],  TFH  gasoline,  and  JP-4  jet  fuel),  and  benzene, 
toluene,  ethylbenzenes,  and  xylenes  (BTEX).  The  (Kganic  contaminants  of  concern  in 
groundwater,  surfiKe  water,  and  sediments  include  fuels,  BTEX,  and  chlorinated  solvents 
(VOCs).  Pdychlorinated  biphenyls  were  detected  in  five  sediment  sam{des  within  the 
snowmdt  pond.  More  detaitod  discussion  of  the  results  is  provided  in  Section  7.6. 

Hydrogedogy  is  generally  oonastent  throughout  OU  3.  Interbedded  sand, 
gravd,  and  minor  silt  layers,  dqwsitBd  in  a  glacial  mitwash  plain,  comprise  the  vadose  zone 
and  upper  unconfined  aquifer  beneath  OU  3.  Three  fiid  pipdines  along  die  southon  boun¬ 
dary  of  OU  3  paralld  die  top  of  a  bluff  formed  by  the  erosion  of  die  outwash  plain  dqiosits 
by  die  action  ot  Shqi  Creek.  At  die  base  of  die  bluff  is  the  Ship  Creek  floodidain,  containing  k 

shallow  ponds  and  die  wetlands  diat  are  maintained  by  snowmdt  runoff  and  groundwater 
aeqMge  from  die  bhiff.  Since  die  1930s,  occasional  rdeases  of  fiid  from  the  pipeline  have 
resulted  in  seqis  of  hydrocarbons  from  die  bluff  that  prompted  deanups,  environmental  ^ 

invesdgatioos,  and  rqiain  of  the  i^idines. 
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7^.1  Groandivater/Sc^  btfcnctioB 

Some  of  the  oontaminants  migrating  in  groundwater  are  diachaiged  in  aeeps  ^ 

along  the  bluff  in  OU  S.  Groundwater  flows  in  the  upper  aquifer  southward  frcnn  OUs  2,  3, 
and  4  toward  OU  3  (Figure  7-3).  The  water  table  and  capillary  fringe  of  the  upper  aquifer 
beneadi  OUs  2,  3,  4,  and  the  northern  pmtion  of  OU  S  are  at  a  higher  elevatioa  than  die  toe  I 

of  die  bluff,  die  wetlands,  and  Ship  Creek.  Therefore,  the  southerly  flowing  groundwater 
can  qiproach  and  seqi  from  the  bluff  face  or  toe.  The  volume  of  aeq»ge  is  likdy  to  be 
greater  ndieo  the  water  table  is  higher  as  a  result  of  increased  water  infiltration  ^irom 
snowmelt  or  rain.  Groundwater  discharged  from  the  aeq»  flows  into  ponds,  wetlands,  and  ^ 

drainage  ditches. 

Contaminants  entering  groundwater  from  surfiax  sources  in  OU  5  or  iqigra-  I 

dieat  operable  units  are  likely  to  be  attenuated  by  natural  processes.  Biod^radation,  advec- 
tion,  diqiersion,  dilution,  and  vcdatilization  may  occur  as  contaminants  are  tranqxirted 
through  OU  3.  Advection  and  di^iersion  are  mechanicai  jmicesses  that  reduce  the  concentra¬ 
tion  of  contaminants  as  groundwater  flows.  Dilution  that  also  reduces  contaminant  concen-  * 

trations  may  occur  as  uncontaminated  surface  wata  infiltrates  the  iqiper  aquifer.  Biodegra¬ 
dation  of  Aid  hydrocarbons  occurs  idiere  contaminated  groundwater  contacts  sufficient  air  to 
siqiport  aerobic  bacterial  activity,  sudi  as  the  upper  groundwater  surftce,  at  seqis  or  in  i 

surface  ponds.  Halogenated  VOCs  may  be  undergdng  d^radation  by  anaerobic  bacteria 
below  die  surface  of  the  upper  aquifer  or  in  the  bottoms  of  sur&ce  poods,  where  oxygen 
content  is  reduced.  The  BTEX  and  halogenated  VOCs  are  released  to  die  atmoqihere  fttmi 

t 

groundwater  at  surface  seqis  and  at  die  surface  of  ponds  fed  by  contaminated  groundwater. 


At  the  base  of  die  iqiper  aquifer  is  the  Bootl^gv  Cove  Formation,  consisting 
of  30  to  200  feet  of  silt  and  day  layers  that  separate  the  upper  and  lower  aquifers.  Because 
the  formation  acts  as  a  confining  layer,  groundwater  in  the  upper  aquifer  flows  laterally  to 
the  soudi  beneadi  die  pqidines.  Groundwater  from  much  of  Elmendorf  AFB  flows  beneath 
OU  3  before  reaching  Ship  Ctedt. 
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MONITORING  WELL  LOCRTIONS 
USED  IN  CONSTRUCTING  WATER  LEVEL 
CONTOUR  MAP 


4aeo 


■  -  BASE  WELL 

CONTOUR  INTERVAL  •  5  FEET  WATER  LEVEL  MEASUREMENTS  COLLECTED  SEPTEMBER.  1SR3 


FIguR  7-3.  Water  Lercl  Contour  Map  with  Flow  Lines 
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7  J  J  Grooidwatcr/Siip  CnA  IntenctiMi  (Stream  Gaginc  Results) 

To  delienniiie  the  hydrologic  interaction  between  groundwater  and  Ship  Credc, 
flow  in  die  creek  was  determined  from  stream  gaging  measurements  collected  between  30 
March  and  IS  Sqilmnber  1993.  Four  gaging  stations  (Figure  7-4)  —  three  in  OU  3  and  one 
upstream  from  OU  S  —  were  used  for  measuring  total  flow,  Q.  Flow  data  are  summarized 
in  Table  7-2.  Results  of  the  gaging  indicate  that  Ship  Creek,  which  parallels  the  long  axis  of 
OU  5,  gains  water  along  its  course  when  credc  flow  at  the  first  gaging  station  is  less  than 
s^proximatdy  3(X)  cubic  feet  per  second  (cfs).  This  condition  is  expected  to  exist  most  of 
the  year.  Stream  flow  has  not  been  gaged  in  the  fall  and  winter,  but  these  seasons  are 
generally  low  flow  months  because  of  the  lower  tmnperatures.  (Water  is  stored  as  snow 
pack  and  ice.)  When  creek  flow  is  greater  than  a^^roximatdy  300  cfs  at  the  first  gaging 
station,  the  creek  loses  water  alrnig  the  same  course.  Figure  7-4  approximates  the 
differences  in  flow  into  and  out  of  the  creek  channd  that  occurred  from  March  through 
SqMember  1993. 

The  stream  gaging  data  for  low-discharge  months  (March,  April,  May,  July, 
and  projected  fidl  and  winter  months)  indicate  that  groundwater  fiom  OU  5  contributes  to 
Ship  Creek  during  much  of  the  year.  GrouiKiwater  flowing  toward  Shq)  Credc  that  does  not 
contribute  to  credc  flow  will  contribute  to  underflow.  Ship  Creek  underflow  migrates 
downstream  in  the  upper  aquifer  beneath  the  base  of  the  creek  channd. 

The  complex  rdafionship  between  the  creek  flow,  groundwater  discharged  as 
underflow  fiom  OU  S,  and  groundwater  discharge  entering  the  creek  fiom  the  south  side  of 
Ship  Creek  make  accurate  estimates  of  the  pocentage  contribution  fiom  each  source  difficult 
widi  available  data.  An  additional  deterrent  to  accurate  estimates  is  that  gaging  station  4  is 
in  central  part  of  OU  S,  and  time  are  no  flow  estimates  available  downstream  fiom  that 
point.  However,  die  effects  of  the  groundwater/surface  warn  intmactimis  on  ccmtaminant 
concentrations  can  be  qualitadvdy  evaluated. 
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The  Ship  Grade  channd  and  groundwater  underflow  oompriae  a  mixing  zone. 
Groundwater  that  flows  dirou^  OU  5,  groundwater  flowing  from  die  south  (nocthern  part  of 
Anduxage),  and  Siqi  Crede  oondiine  in  the  mixing  zone  adjacent  to  OU  S.  As  die  waters 
mix,  any  contaminants  that  have  not  previously  been  naturally  attenuated  are  also  mixed. 
Contaminant  concentrations  are  reduced  in  the  mixing  zone  through  surface  and  subsurface 
adveetkm,  di^wrsion,  and  dilution.  Groundwater  leaving  OU  S  in  Ship  Creek  or  as 
underflow  would  have  significandy  lower  coocentiatioos  than  found  in  groundwater  in  OU  5. 

Presented  bdow  is  a  summary  of  die  RI  findings  discussed  by  geographic  area 
of  OU  5  (western,  central,  and  eastern  areas).  Specific  results  and  details  are  provided  in 
the  previous  sections  of  this  RI/FS  rqxnt. 

73  Western  OU5 

Hie  Western  Area  of  OU  5  includes  the  Cmps  of  Engineers  building,  the 
north  source  area  (ST37),  and  the  industrial  area  nmth  of  Ship  Creek. 

7.3.1  Concqitual  Site  Model 

A  plan  view  of  the  western  area  of  OU  S  showing  the  sampling  locations  and 
the  approximate  extent  of  contamination  in  soils  and  groundwater  is  shown  on  Figure  7-5. 
The  schematic  cross  section  in  Figure  7-6  illustrates  die  concqitual  migration  path  of  fud 
hydrocarbons  from  iqielines  near  the  top  of  the  bluff,  through  the  vadose  zone  toward  watm 
table  (as  measured  in  October  1992).  Contaminated  soil  zones  lying  above  the  watm  table 
probably  represent  a  "smear  zone”  of  contamination  resulting  from  fuel  that  migrated  to  a 
higher  water  table  and  were  left  in  the  vaxtose  zone  or  capillary  fringe  as  the  water  table 
receded.  The  smearing  of  hydrocarbons  may  occur  between  seasons  as  the  water  table  rises 
and  falls.  Hydrocarbons  have  migrated  to  surface  soil  along  the  bluff  &ce  via  seqi 
disdiarges.  Hydrocarbon  odexs  and  surface  sheens  in  bluff  seqps  are  evidence  of  diis  method 
of  migration.  Data  to  diaracterize  the  air  pathways  were  not  collected. 
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ELM4  OUSM  VRL  SM:  11/03/9] 


Figure  7-6.  Conceptual  Site  Model  -  Schematic  Cross  Section  A-A',  Western  OU  5 
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Pud  IqdioqgfaoM,  JP-4,  guotiiie,  tad  diead  fiid  were  delected  at  ooncen- 
tntioas  firom  6.1  to  1,160  mg/kf  fiom  surfitoe  to  a  depth  of  37  feet  at  locatioBa  SUM,  SB18, 
and  SB29.  Diead  fed  (151  mg/ki)  was  detected  in  soils  near  fee  surfece  0)  to  2  feet)  at 
SUM.  The  greatest  concentrations  of  gasoline  range  (168  mg/kg)  and  diesd  noge 
(1,160  mg/kg)  were  detected  at  10  to  12  feet  bdow  surfece  in  SB29.  The  deepest  fed 
hydrocaibon-contaminated  sanqdes  were  collected  feom  fee  saturated  zone  in  SB18, 
indicating  feat  fee  contaminants  dfeer  migrated  to  groundwater  at  this  location  ot  at  a 
location  further  north,  in  fee  iqigradient  directioo  of  groundwater  flow. 


7.3.3 


Surface  Water  and  Sedfanenta 


Pud  hydrocarbons  (JP-4  [0.8  mg/L]  and  gasoline  [0.3  mg/L]),  BTEX  (0.001  - 
0.27  mg/L),  and  1,1-dichlotoethane  (0.002  mg/L)  were  detected  in  water  samide  SW08  from 
a  puddle  that  is  fed  by  groundwater  seeps  on  the  fece  of  the  bluff.  The  puddle  formed  in 
dqxesskms  on  the  bluff  feoe  by  slope  feilure.  Ccmtaminants  may  have  reached  fee  puddle 
through  fee  vadoae  zone  soil,  surfece  water  runoff,  or  groundwater  sewage. 

Water  samfde  SW09  fnmi  a  ditch,  downslope  from  fee  puddle,  had  a 
detectable  concentration  of  1,1,1-ttichloroethane  (0.0018  mg/L),  a  VOC  not  detected  in  fee 
puddle  or  in  groundwater  within  Westenn  OU  5;  its  source  is  unknown. 


73.4 


Groundwater 


Concentrations  of  TCE  (5.2  to  33  |ig/L)  were  detected  in  groundwater  sanqrles 
odlected  finom  MWOl,  MW02,  and  SPl-02  on  fee  bluff  in  the  Weston  Area  of  OU  S.  In 
wdls  SPl-01,  MW15,  and  MW16A  on  and  below  the  bluff  fece,  TCE  was  not  detected,  but 
fed  hydrocarbons,  benzene,  tduene,  xylenes,  and  naphthalene  were.  Groundwater  flow 
directions  in  Octobo  1992  indicale  that  the  contamination  would  migrate  toward  fee  south. 
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Tte  ilwwiignidiwit  (KwiMn)  ortnt  of  gvoondwtiar  cootimin^ion  tfiat  cameedi  1  x  10* 
cancer  risk  is  eetimatrid  in  Hgnie  7-S. 

The  Boodeffer  Cove  Fbnnadon,  at  the  baae  oi  the  iqiper  aquifer  (qipraxi- 
malefy  20  to  30  feel  bdow  surfeoe  in  Wesleni  OU  3),  oooiists  of  fine-grained  dqnsits  (days 
and  silts)  of  low  permeability  that  will  intoede  downward  migration  of  oontammants  feom  die 
iqiper  to  the  lower  a^ufer.  Therefore,  grcnaidwater  ooolaining  contaminants  that  is  not  lost 
to  surfeoe  water  or  soil  fiom  bluff  seeps  will  flow  soufeward  and  is  unlikdy  to  mignde 
downward  to  the  lower  aiptifer.  Upper  aquifer  groundwater  will  mix  with  water  flowing 
akM^  the  course  of  Shq>  Creek,  as  base  flow  or  underflow,  and  will  flow  toward  the  mouth 
of  the  creek  at  Knik  Arm. 

7,3^  HnnMuiHcnllhRfak 


In  the  Western  Area  of  OU  3,  human  health  risks  were  esdmated  for  multiple 
exposure  routes  for  potential  leoqiton.  Maximum  additive  health  risks  diat  equal  or  exceed 
1  X  1(1*  (carcinogenic)  and  a  Hazard  Index  (HI)  of  1  (noncatcinogenic)  and  the  nugor 
contributon  to  die  risk,  listed  by  medium,  are: 


^  ' 

Miitu  -Cdidtlliiitdri 

5-w — ; - 

N 

Surface  Sofle  SB-29 

4.7  X  10* 

<1 

Arsenic,  pdycydic  aromatic 
hydrocvboas 

Groundwater  at 

SPl-01 

lx  i<r* 

3 

Arsenic,  manganese,  TFH 
gasoline,  TFH  diesel,  benzene 

Groundwater  at  MW-Q2 

4x  10* 

<1 

TCE 

The  future  residential  scenario,  v^iidi  results  in  the  highest  human  health  risk 
values  in  Western  OU  3,  is  highly  conservative.  Calculation  of  die  values  assumes  that  a 
residence  is  built  on  the  most  contaminated  surface  soil  and  that  groundwater  fawn  the 
monitoring  wdls  is  used  as  the  only  domestfe  water  in  the  residence.  There  ate  anrendy  no 
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wadtticw  ki  OU  3.  Qnmwtwilw  from  ttae  vppa  mva§u  is  not  used  end  is  unlikdy  to  be 
used  beeuse  (tf  the  availibility  wtier  from  the  deq>  aquifrsr. 

Arsenic  is  a  flugor  ooidribulor  to  bodi  caidnofenic  end  nott-caidnotenic  risk 
values  calculated  for  soil  and  ftoundwaler.  However,  three  frclon  allow  Cor  arsenic  not  to 
be  conaideeed  a  COC.  Rrst,  arsenic  oonoentratioes  m  Western  OU  S  groundwater 
are  leas  than  federal  and  state  MCLs  oi  SO  ng/L.  Second,  the  arsenic  concentrations  that 
contribute  to  risk  in  sutfrue  soil  in  Western  OU  S  are  less  than  Hmendorf  AFB  background 
concentrations.  Finally,  an  increasing  body  of  data  indicales  that  arsenic  is  not  a 
contaminant  in  the  Western  Area  of  OU  S.  Analytical  data  indicate  that  arsenic  occurs 
naturally  in  soil  and  water  of  OU  S  at  concentrations  greater  dian  those  detected  in 
unoontaminated  media  in  the  continental  U.S.  The  average  background  arsenic  concentra¬ 
tions  (9  to  13  mg/kg)  in  die  surface  and  toot  aone  ami  of  Elmendorf  AFB  are  greater  tiian 
avenge  values  (S.3  to  7.5  mg/kg)  in  a  database  of  shallow  soil  analyses  fimn  locations 
throughout  tiie  U.S.  (Carey  and  Barrett,  1990).  The  arsenic  background  concentrations  in 
the  soil  at  Elmendorf  AFB  fHovide  a  natural  source  of  tiie  arsenic  detected  in  groundwater, 
suifme  water,  and  sediments. 

73Ai  Aquatic  Mata 

The  puddle  on  the  Uuff  near  MI  08  contained  aquatic  organisms  associated 
witii  the  water  cohmm,  but  no  aquatic  life  was  noted  in  qualitative  ccdlections  of  botimn 
deinis.  It  could  not  be  determined  if  tiie  absence  of  aquatic  life  is  tiie  result  of  fuel  hydro¬ 
carbons  and  metals  at  titis  location. 

7  J.7  Tcrrestrinl  Plants  and  Anfanais 

Plants  exhibiting  evidenoe  of  stress  were  evaluated  tiirooghout  OU  S.  An 
evaluation  of  fuel  hydrocarbon  and  benzene,  ttduene,  and  xylene  concentrations  was  con¬ 
ducted  at  SUM,  an  area  where  stressed  v^etation  in  tiw  western  area  was  observed.  The 


» 


§ 


•  • 


i 


» 


HlMWiInff  API  OU  3  XMU  Kaport 


7-20 


reilti  iadictBd  tilt  the  oonoentr^ioM  dcterted  were  not  the  came  of  Mress.  Bvalua- 
tioos  of  polealial  contMiiiBam  ttren  on  ammala  were  not  ^wcific  to  the  WeHen  OU  S. 
However,  there  is  no  clear  evidence  that  contaminants  delected  in  soils  and  soiftoe  wreer 
throughout  OU  3  are  affreting  tenestrial  ipedes. 

7,3^  CoadMioM  for  the  Wcdcns  OU  5 

Concentmtions  COCs  in  soila  10  to  12  feet  below  ground  suifeoe  at  SB29 
exceed  the  interim  remediation  goals  for  diesd  (200  mg/kg)  and  gaadine  (100  mg/kg)  range 
TFH.  Ofoundwaier  in  the  vicinity  of  MWOl,  MW02,  and  SPl-02  exceeds  the  interim 
lemediatiion  goals  based  on  federal  and  state  MCLs  for  TCE;  water  in  MW16A  exceeds  the 
Alaskan  Water  Quality  Standards  (AWS)  (10  ftg/L)  for  TFH  gasdine  in  groundwater. 

Cancer  risks  exceed  1  x  10^  at  MW02,  SPl-01,  and  SP1-Q2,  even  if  the  contribution  of 
arsenic  is  not  included.  (3roundwater  seqnge  in  the  puddle  at  SW/SE08  exceeds  the  AWS 
of  10  fig/L  for  total  hydrocarbons  because  of  JP-4  (770  Mg/L)  and  TFH  gasdine  (320  n^). 
No  odier  suifeoe  watre  interim  remediation  goals  were  exceeded  at  SW08  or  SW09. 

Sediment  concentrations  do  not  exceed  interim  remediation  goals.  Surfece  soil  at  SB29 
exceeds  the  interim  remediation  goal  of  1  x  KX*  cancer  risk.  The  nugor  contributors  to  the 
risk  are  polycyclic  aromatic  hydrocarbons  (PAHs)  and  arsenic.  Even  if  arsenic  concentra¬ 
tions  are  excluded  from  the  cancer  risk  for  surfece  soils  at  SB29,  PAHs  cumulativdy  result 
in  a  cancer  risk  greater  than  1  x  10^.  However,  the  PAHs  occur  in  surfece  soils  on  the  bluff 
feoe  where  a  lesidenoe  could  not  be  constructed.  Therefore,  fee  scenario  of  fee  ingestion  of 
soil  by  a  residential  recqnor  at  SB29  is  conservative,  and  the  potential  for  oqiosure  would  be 
limited. 


SB29  is  an  area  near  a  seep  feat  forms  a  puddle.  The  area  measures  only 
jpproximaiely  30  feet  by  30  feet  Because  of  fee  small  sire  of  the  affected  area,  the 
improbalnlity  trf  any  residential  exposure,  and  the  single  compound  nature  of  fee  inqiact,  the 
FS  will  not  focus  on  fee  PAH  surfe'^  sml  inqmcts.  H  any  remedial  action  is  denned 
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Bued  OB  the  coBchieiona,  tbe  FS  in  Wedeni  OU  3  ihould  focus  on  impecrt  to 
subsurfMe  soil,  seeps,  and  groundwater.  The  areas  to  be  considered  for  remediation  are 
dwwn  on  Figure  7-3. 

7w4  r^^irwTe 


The  Central  Area  of  OU  3  extends  from  die  western  oudet  of  the  snowmdt 
pond  to  the  east  of  the  waste  paint  tank  (see  Figure  7-7).  The  area  indudes  source  areas 
ST38,  SS42,  and  the  snowmelt  pond.  The  fish  hatdiery  is  located  in  dus  area  between  the 
toe  of  the  tduff  and  Sh^  Creek. 

7.4.1  Conceptual  Ste  bfodd 

The  ooncqitual  nte  modd  of  Central  OU  3  in  plan  view,  showing  sanqde 
locations  and  die  qipraximate  extent  of  contaminadoo  in  soils  and  groundwater,  is  shown  in 
Figure  7-7.  A  concqttual  cross  aecdon  is  diown  on  Figure  7-8.  Remedial  investigation 
results  for  the  snowmdt  pood  are  rqwrted  separatdy  in  Section  7.6.  A  small  vdume  of 
near-siafooe  soil  widi  ooncentratioos  of  dietd  hydrocarbons  and  concentrations  of  inorganic 
dmnents  greater  than  badiground  levds  iqxeaents  the  only  sml  contamination  exceeding 
interiffi  remediation  goals  in  Central  OU  3.  The  surfoce  soil  contamination  is  near  the  toe  of 
the  bluff  and  is  probably  die  result  of  seqis  of  contaminated  groundwater.  Hydrocarbon 
odors  and  surlhoe  sheens  in  bluff  seqis  are  evidence  of  this  method  of  migration. 

Fud  hydrocarbons  and  BTEX  conqiounds  are  present  in  the  groundwater 
padiw^.  Surface  water  contamination  resulting  from  seqis  occurs  in  drainage  ditdies 
arQacent  to  the  free  of  die  bhiff.  Data  to  characterize  die  air  pathway  were  not  collected. 
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Figure  7-8.  Conceptual  Site  Model  -  Sch»nuitic  Cross  Section  B-B*,  Central  OU  5 
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i  7.4Jt  S«B 

The  analytical  results  indicate  that  fuel  hydrocaibons  have  migrated  vertically 
to  groundwater  in  several  locatioas  widiin  Central  OU  5  and  have  migrated  horizontally  in 
groundwater  to  the  surface  near  the  toe  of  the  bluff.  The  data  indicate  diat  residual  contami¬ 
nation  is  not  present  in  die  vadose  zone  at  the  locations  sanqded.  Contamination  remains  in 
the  soil  at  die  water  table.  A  concentration  of  fud  hydrocarbons  (9,843  mg/kg)  was  detected 
in  a  soil  sanqde  fnMn  30  to  31.3  feet  bdow  surface  in  die  boring  SP2/6-10  beneadi  ST38,  die 
JP-4  Fuel  Line  Leak  source  area  (Black  and  Veatch,  1990).  Diesel  fuel  conoentradons  were 
also  detected  in  two  other  san^des  at  33  mg/kg  in  soil  at  38  to  60  feet  below  sur6oe  in 
SB23,  and  at  720  mg/kg  in  ami  at  2  feet  below  die  nirftce  at  seep  SL16  at  the  toe  of  the 
bluff.  The  TFH  contamination  detected  between  30  and  60  feet  below  ground  surface  occurs 
in  the  saturated  zone  and  should  be  considered  with  groundwater.  The  sample  from  SL16 
exceeds  the  interim  remediation  goal  for  soil. 

^  Concentrations  of  several  inorganic  dmnents  exceed  soil  background  concen¬ 

trations  in  Central  OU  3.  Arsenic,  barium,  beryllium,  copper,  lead,  m-mganese,  selenium, 
silvar,  and  thallium  were  detected  at  concentrations  greatm-  than  soil  background  concentra¬ 
tions  in  near-surfiue  soil  samples  collected  at  seqi  SL23.  One  to  four  of  these  inorganic 
elmnents  also  exceeded  background  concentrations  in  the  soils  at  SL16,  SL19,  and  SL27. 

The  natural  organic  carbon  in  the  samides  ranges  from  2.7  to  19.3%.  Soils  widi  high  con¬ 
centrations  of  organic  carbon  adsmb  inorganic  dements  more  effectivdy  than  soils  with  little 
or  no  natural  organic  carbon.  The  organic  material  in  the  soils  most  likely  has  adsorbed  and 
cmicentrated  die  inorganic  dements  frmn  seep  water  diat  flowed  through  the  soil.  'Hie  soils 
at  SL23,  whidi  contain  die  highest  concentrations  of  organic  carbon  in  Central  OU  3,  also 
have  the  highest  concentrations  and  the  greatest  numba*  of  inmganic  elements  rqxHted  above 
background  levds.  Manganese  may  have  been  concentrated  in  the  soils  from  SL23  and  SL27 
due  to  adsorption  on  organic  carbon;  however,  all  of  the  manganese  analytic  data  collected 
from  OU  3  soils  are  qualified.  Also,  the  manganese  concentrations  rqiorted  by  the 
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labofatoiy  have  a  "high  bias*  and,  therefore,  are  likdy  to  be  higher  than  die  mangatu^ 
coacentradoii  that  is  actually  present  in  the  soils. 

7.4 J  SurfMe  Water  and  Sediment 

The  sediment  sample  collected  at  location  S  SW/SE06  had  concentrations  of 
7,400  mg/kg  TFH  diesel,  17  mg/kg  gasoline,  and  23.1  mg/kg  arsenic.  There  are  no  interim 
remediation  goals  that  specifically  address  sediment  contamination.  However,  the  TFH  in 
sediment  is  probably  related  to  TFH  in  soils.  The  sediment  sample  was  collected  near  the 
soil  sample  at  seep  SL16  diat  had  concentrations  of  720  mg/kg  TFH  diesel,  wludi  exceeds 
the  interim  remediation  goal  of  200  mg/kg.  The  contaminated  soil  and  sediment  should  be 
considered  a  single  soil  contaminated  area  in  the  FS. 

7.4.4  Groundwater 

There  is  no  identifiable  tmd  in  tte  compounds  detected  or  their  respective 
concentrations  in  monitoring  wdl  samples.  The  greatest  concentrations  and  the  greatest 
number  of  compounds  were  detected  in  samples  from  MW13,  the  well  located  furthest  in  the 
downgradient  direction.  Groundwater  from  the  well  had  concentiatkms  of  JP-4  fiiel 
(730  niTL),  gasoline  (250  mS^L),  and  benzene  (0.6  nzfi).  Upgradient  well  samples  contain 
lower  concentrations  of  toluene,  N-nitrosodiphenlyamine,  and  diesel  fud.  Contaminant 
plume  boundaries  in  Figure  7-7  estimate  the  extent  of  groundwater  exceeding  1  x  10^  cancn 
risk. 

7.4.5  Human  ^altli  Risk 

The  potential  cancer  risk  from  residential  «posure  to  soils  at  SL2S  is  greats 
than  7  X  10^  because  of  the  arsenic  concentration  in  the  soil.  Potential  cancn  risk  is  less 
than  1  X  10^  and  the  noncancer  risk  Hazard  Index  is  less  than  1  for  residoitial  eqxMure  to 
all  other  inorganic  element  concentrations  in  Central  OU  5  soils.  Maximum  idditive  cancer 

BmMdorf  AFB  OU  S  RimS  Report  7-26 


healtti  riiks  CKceerting  1  x  10^  woe  calciilaiwl  for  the  groundwater  pathway.  The  ifoxaid 
Index  for  noncancer  riaks  ia  leaa  than  one.  Reaulta  of  riak  calculationa  are: 


Mrit  fo  PMnra  IfoidkMit 

lii^ar  Contrfoalar 

SoilatSL25 

9x  10* 

<  1 

Arsraic 

Groundwater  at  MW13 

6x  lO* 

<  1 

TFH  gasoline,  benaene 

7.4.6  Aquatk  Biota 

The  wetland  pond  at  MI  06  in  C^tral  OU  5  exhibited  a  restricted  invotdtrate 
community  structure;  i.e.,  fewer  qwdes  were  found  in  the  pond  than  are  considered  normal 
fw  a  healthy  habitat.  The  inesence  of  organic  contaminants  may  be  the  cause  of  restricted 
community.  The  presence  of  aquatic  life  suggests  that  contaminants  in  the  pond  sediments 
are  not  acutely  toxic  to  amne  of  die  invertdirate  life  forms. 

7.4.7  Terrestrial  Plants  and  Anfanah 


There  are  two  areas  of  stressed  v^etadon;  however,  no  evaluation  of  plant  or 
animal  stress  resulting  from  contaminants  was  conducted  in  Central  OU  S. 

7.4.8  CtMiclusiMis  for  Coitral  OU  5 


Diesel  fuel  (720  mg/kg)  in  soil  1  to  2  feet  bdow  surface,  the  result  of 
groundwater  seqnge,  does  not  pose  a  significant  health  risk.  However,  the  soil  should  be 
evaluated  in  the  FS  because  it  exceeds  the  interim  remediation  goal  of  200  mg/kg. 
Sediments,  rqnesented  by  sample  SE06,  containing  TFH  diesel  and  gasoline,  should  be 
considered  a  part  of  die  area  of  soil  contamination.  Hydrocarbon  cmcentradons  of  50  to 
9,843  mg/kg  that  occur  from  30  to  60  feet  below  surface  pose  no  risk  to  surfoce  recqitors 
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unkw  they  mignie  to  the  wtCHe  ••  wepi  in  die  future.  Became  dieie  ooooentiaticMis  are  at 
or  bdow  the  wmer  thUe,  they  should  be  addressed  with  groundwater. 

The  arsenic  concentrations  at  sample  locations  SB06  (23.1  mgAcg)  and  SL25 
(28.2  mg/kg)  are  probdbly  the  result  of  leaching  of  naturally  occurring  arsenic  from  surfrce 
soils  and  adsorption  from  water  onto  organic-rich  soil.  The  detected  concentrations  are  less 
than  three  times  die  mean  background  concentration  (7.2  mg/1^  for  arsenic  in  surfrce  soils 
and  do  not  cause  concentrations  in  surfrce  water  to  exceed  interim  remediation  goals  of 
SO  fig/L.  Therefore,  remediation  on  the  basis  of  arsenic  concentrations  is  not  warranted. 

Concentrations  of  barium,  copper,  lead,  manganese,  selenium,  silver,  and 
thallium  in  near-surfrce  amis  at  seeps  SL16,  SL19,  SL2S,  and  SL27  do  not  result  from 
discharges  of  contaminants.  These  inmganic  dements  exceed  soil  background  concentrations 
because  of  high  organic  carbon  concentrations  in  the  amis  that  adsorb  die  dements  frmn 
seqnng  groundwater.  Although  the  inorganic  dement  concentrations  exceed  soil  background 
concentrations,  they  are  present  because  of  natural  processes  and  do  not  exceed  interim 
remediation  goals.  Therefme,  soil  remediation  on  the  basis  of  inorganic  dement 
concentrations  is  not  warranted. 

A  groundwater  {dume  with  gasoline  and  benzene  concentrations  that  pose 
greater  dian  1  x  IQ^  cancer  risk  was  detected  at  MW13.  Because  of  the  potential  health 
risks,  the  gasoline  and  benzene  plume  should  be  evaluated  for  feasibility  of  remedial  action. 

In  initial  sanqding,  the  concentration  (20  of  bis  (2-dhyl  hexyl)  phthalate 
at  MWll  exceeded  the  interim  remediation  goal  of  6  Mg/L-  The  well  was  resampled  in 
Deconber  1993  because  this  compound  is  atypical  in  OU  5.  No  phtfaalates  were  discovered 
in  this  second  samide.  Since  the  phtiudate  is  a  potential  laboratory  contaminant,  it  was 
conduded  that  tiie  first  sampling  results  were  inaccurate. 
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The  Eastem  Aiea  OU  3  extends  firom  the  eestem  side  of  the  waste  paint 
tank  to  die  eastern  edge  of  souioe  ST46  (Figure  7>9).  Source  areas  SSS3,  SD40,  and  ST46 
are  kicated  in  this  area.  Eastem  OU  3  includes  an  area  at  die  top  (rf  the  bluff,  a  Muff  &oe 
less  steep  than  in  (Central  OU  3,  and  wetlands  between  die  toe  of  the  bluff  and  Sh^  Creek. 
The  most  significant  feature  in  the  wetlands  is  die  beaver  pond.  The  beaver  pond  is 
discussed  sqiaiately  in  Section  7.7. 

7.5.1  ConcqitHal  Site  Modd 

Samiding  locadons  and  areas  of  contamination  in  Eastem  OU  3  are  shown  in 
plan  view  on  Figure  7-9.  A  conceptual  cross  sectioo  of  die  migration  pathways  is  shown  on 
Figure  7-10.  Fuel  hydrocarbons  and  BTEX  conqiounds  are  present  in  the  soil  of  the  gdf 
course  seqi  area  as  a  result  of  leaks  from  the  fuel  i^wlines  crossing  die  northern  pndon  of 
eastem  OU  3.  The  greatest  concentratioo  of  TFH  occurs  in  the  smear  zone  near  the  water 
table  at  SB26.  This  smear  zone  likely  resulted  from  fuel  oontaminants  that  migrated  to  a 
higher  water  table  and  were  left  in  the  vadose  zone  ot  cainllary  fringe  as  dw  water  table 
receded.  The  smearing  of  hydrocarbons  may  occur  between  season  as  the  water  table  rises 
and  frdls.  From  die  area  below  the  pqieline  leak,  where  die  hydrocarbons  reached  the  water 
table,  die  fud  hydrocarbons  have  migrated  on  the  upper  groundwater  surface  to  seeps  along 
the  bluff  and  have  affected  surfeoe  scnl  and  sediment  in  die  beaver  pond.  Hydrocarbon  odors 
and  surfeoe  sheens  in  bluff  seqn  are  evidence  of  this  method  of  migration.  Groundwater 
beneath  Eastem  OU  3  contains  compounds  that  have  migrated  to  die  bluff  fece  and  beyond  to 
well  GW3A.  Data  to  diaracterize  the  air  pathways  were  not  collected. 

7.5.2  Sofl 
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Fed  hydrocarbons  (IP-4  and  diesd)  were  detected  at  concentrations  of  163 
mg/kg  and  172  mg/kg,  re^iectivdy,  in  the  saturated  zone  at  bming  SB26.  This  soii  boring 
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Ground  Surfae* 


Figure  7-10.  Conceptual  Site  Model  -  Schematic  Cro»  Section  C-C,  Eastern  OU  5 
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was  drilled  ad^cent  to  a  water  drain  pit  on  the  JP-4  pipeline,  adiere  a  leak  was  detected  in 
1982.  Eadi  ci  the  BTEX  ooaqwunds  were  also  detected  m  the  sanqde  from  23  to  27  feet 
bdow  surfece.  E^drocaibons  were  not  detected  in  samples  from  shallower  depdu  in  the 
boring.  The  absence  fed  hydiocaibons  in  die  shallow  soil  suggests  diat  die  fed 

did  not  migrate  latenlly  in  the  vadose  zone  toward  SB26,  but  migrated  vertically  to  ground- 
water,  and  then  laterally  toward  soils  at  SB26  after  readiizig  the  water  table.  Diesd  fed  has 
migrated  in  groundwater  and  readied  the  surfece  soil  in  the  gdf  course  seep  at  surfece  seq> 
SL20. 


7.5.3  SorCsee  Water  and  Sediment 

Surfece  water  and  sediment  samptes  were  cdlected  in  die  beaver  pond. 

Results  of  sampling  and  analysis  in  the  pood  are  discussed  in  Section  7.7. 

7.5.4  Gronadwater 

The  estimated  extent  of  the  contaminant  plume  exceeding  1  x  10^  cancer  risk 
in  the  Eastern  Area  of  OU  5  is  shown  in.  Figure  7-9.  Monitoring  well  MW06,  north  of  the 
bluff,  yidded  a  sample  widi  concentrations  of  TCE  (32  ng/L),  ethylbenzene  (0.67  /ig/L), 
tduene  (1.4  ftg/L),  xylenes  (2.7  ng/L),  and  gasoline  hydrocarbons  (0.082  ng/L).  Oily  the 
TCE  concentration  exceeds  the  groundwater  interim  remediation  goal  of  3  ftg/L.  A  sample 
fnnn  monitoring  well  GW4A  had  concentrations  of  TFH  gasoline  (260  nz/L)  and  benzene 
(0.84  ng/L).  The  TFH  gasoline  concentration  exceeds  the  interim  remediation  goal  of 
10  Mg/L.  A  sanqde  from  MW07  had  a  concentration  of  8  ng/L  of  1,1,2,2-tetradiloroethane, 
whidi  does  exceeds  an  interim  remediation  goal  (1  ng/L).  All  of  these  compounds  were 
also  detected  in  water  or  sediment  samjries  from  the  beaver  pond  (Section  7.7). 
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No  cancer  risk  vahiei  woe  calculated  lor  suiftoe  or  subnnftoe  soil  in  die 
Eaalen  Area  of  OU  S  because  only  <fiead  fuel,  wlncli  hu  only  non-cancer  health  ^focts, 
wu  detected  at  die  surfiMe.  The  BTEX  compoiadt,  which  can  poae  cardnofenic  etftds, 
were  detected  re  23  feet  bdkiw  suifhoe,  and  are  dius  bdow  the  depth  of  any  potential  human 
exposure.  Haaid  indioea  for  both  surfooe  and  sdiautfooe  soils  are  less  dian  1.  Qroundwater 
is  die  only  medium  in  die  Eastern  OU  S  widi  calculated  cancer  risks  exceeding  1  x  10*. 
Ifoahh  risk  resuhs  for  three  wella  are: 


t 


■pnre 

liqiprCsnrefonier 

Groundwater  at  GW4A 

8x  10* 

TFH  gasoline,  TCE,  benzene 

Groundwater  at  MW06 

4x  10* 

TFH  gasoline,  TCE 

Groundwater  at  MW07 

3x10* 

1 , 1 ,2,2-Tetradrioroetfaane 

7.5.6  Aquatic  Biota 

Aquatic  biota  in  Eastern  OU  3  woe  evaluated  in  the  beaver  pcmd.  See 

Section  7.7. 
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73.7  Terwetrinl  nanti  and  Anfanab 
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There  are  two  areas  of  stressed  v^etation;  however,  no  evaluation  of  {riant  or 
animal  stress  resulting  from  contaminants  was  conducted  in  the  Eastern  area  of  OU  5. 

733  C«iehisioaBf«rtlieEasta»  Area  ofOU5 


The  princ^  padiway  in  die  Eastern  Area  of  OU  3  is  groundwater.  Excess 
lifetime  cancer  risks  to  future  reridential  recqriors  exceed  1  x  10*  at  die  wells.  Concentra- 
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tk»sofTCEiil<W06aiidTFHguoliiieatOW3A«laooceed  the  mierim  lemeduitifln 
goels  of  5  |ig/L  TCE  aad  10  TFH  gaaoUne,  respectively.  The  VOC  and  BTEX  oon- 
centiitioin  beneeth  the  aouthem  poctkn  of  the  area  may  increaie  in  the  future  because  of 
greoasr  cflsiceatiatioBa  of  TCE  in  groundwater  iq^giadiem  at  MW06.  These  incicasiiig  con- 
centratioBa  may  affect  the  auiffce  water  pmhway  through  surffce  aeepa.  If  volatile  coocen- 
tiationa  inoeaae  m  aeepa  and  sutffoe  water,  the  air  pathway  may  he  alao  he  affected  by 
inocaaed  coooeatiatiooa  of  volatile  compounda  kMt  ficom  the  water  aurffoe. 

The  FS  should  focus  on  groundwater  in  Eastern  OU  5  hecause  of  potential 
health  risks  and  exceedance  of  potential  ARARs  for  groundwater.  Surfoce  water  originating 
from  groundwater  seqis  and  sedinient  in  die  heaver  pood  also  should  he  evaluated. 

7.6  Snowindt  Pond 

Three  studies  of  die  snowmdt  pond  have  been  performed.  The  first  study, 
performed  as  part  the  1992  RI,  indicated  that  PCBs  may  be  present  in  the  sediment  of  the 
pood.  The  second  study  was  performed  in  June  1993  to  confirm  the  presence  of  the  PCBs  in 
the  sediment  and  to  determine  if  sources  of  PCBs  occurred  in  the  area.  The  third  study  was 
pofcmned  in  SqMember  1993  to  determine  if  PCBs  were  in  the  pond  water  and  to  evaluate 
the  risk  to  aquatic  lifo  posed  by  the  PCBs  when  the  total  organic  carbon  content  of  the  sedi¬ 
ment  is  consideted.  A  land  ownership  study  and  a  site  inflection  for  potential  sources  of 
PCBs  was  conducted  as  part  of  the  third  study.  Detailed  npmts  on  die  second  and  diird 
studies  are  provided  in  Appendix  Q. 

7.6.1  Initial  RametBal  Investigation  Study 

Water  sanqdes  from  snowmelt  pond  contained  concentrations  of  1.4  to 
2.5  |tg/L  of  three  VOCs  diat  have  been  detected  in  groundwater  in  the  Westnm  and  Eastern 
Areas  of  OU  5,  but  not  in  Central  OU  S.  Groundwater  frmn  the  bluff  area  to  die  north 
discharges  into  die  pond  and  may  contain  concentrations  of  the  VOCs.  Analysis  of  a  compo- 
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ale  lediingit  maple  from  die  pond  detected  0.057  to  0.240  mg/kx  11  differem  polycyclic 
•roamic  hydeoceibOM  (PAIQ  coo^oiinds  and  1,600  ^ig/kg  of  PCBa  (Aiodilor  1260).  Addi¬ 
tional  wmpHng  and  analysis  was  conducted  in  die  pond  because  an  initial  evahiatioa 
that  die  PCB  concetdiadon  in  the  sediinent  may  pose  a  dueat  to  aquatic  life. 

7.6,2  Sscead  .SwWmfBt 


Five  lam^  locations  were  selected  to  detennine  if  a  q>ecific  source  area  of 
die  PCBa  could  be  kkntified  and  to  detennine  the  extent  of  the  contamination.  The  addi¬ 
tional  sanqdes  were  collected  in  June  1993  and  were  analyzed  fx  PCB  concentrations  by 
Method  SW8080.  Locatkms  of  the  additional  sediment  aamides  are  shown  in  Figure  7-11. 
Sanqde  location  SD^l,  at  the  eastern  end  of  die  pond,  was  selected  to  detennine  if  PCBs 
were  entering  the  pond  from  its  eastern  drainage.  Sanqde  location  SD-02  was  to 

detennine  if  PCBs  were  entering  the  pood  from  the  fill  area  located  immediately  nordi  of  the 
eastern  half  of  die  pond.  Sam(de  location  SD-03  was  placed  at  die  downstream  edge  of  die 
fill  area.  Sam{de  location  SD-04  was  selected  to  determine  if  the  abandoned  building  was  the 
source  of  die  PCBs.  Sanqde  location  SD-05  was  selected  to  determine  if  the  PCBs  occurred 
where  the  water  flowed  out  of  the  pond. 

The  rqiorted  PCB  concentrations  in  these  samples  ranged  from  ”not  detected” 
to  1,460  Mg/hg  (see  sununary  table  in  Section  7.6.4).  Since  die  presence  of  PCBs  in  the 
sediment  was  confirmed,  a  third  study  was  performed  to  detennine  if  die  PCBs  were  present 
in  surface  water  and  to  detennine  die  potential  threat  to  aquatic  life. 

7.6.3  TUrd  Sampling  Event  and  Site  Inqiectimi 


The  objectives  of  the  diiid  study  were: 


To  detennine  if  the  PCBs  in  the  sediments  rqnesented  a  threat  to 
aquatic  life; 
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To  <telBnninft  if  PCBt  wen  pmeot  in  the  pond’s  wiser. 

To  conduct  i  site  inspection  for  visible  sources  oi  the  PCBs;  and 


•  To  obtain  information  on  the  propetty  bouidaries  in  foe  vicinity  of 
snowmelt  pond. 

The  stie  in^wction  in  September  1993  esamined  a  variety  of  structures  and 
physical  features  in  foe  vicinity  of  foe  snowmdt  pood.  SeqM  entering  foe  pond  at  foe  base 
of  foe  bluff  (see  Figun  7-11)  contained  a  vi^le  hydrocarbon  sheen.  The  sheen  extended  a 
few  feet  into  foe  pond  and  vkdaies  Alaska  Watv  Quality  Standards  for  no  visible  sheens. 

No  other  potential  sources  of  PCBs  or  other  contamination  were  observed  during  the 
inspection.  A  report  on  foe  site  inspection  is  {uovided  in  Appendix  Q. 

As  shown  in  Figure  7-11,  foe  property  boundary  information  indicates  that 
snowmelt  pood  lies  almost  entirely  on  Alaska  Railroad  propaty.  A  very  snudl  portion  of  the 
pond  near  die  abandoned  building  lies  wifoin  the  Elmendorf  AFB  property. 

The  third  sanqding  effort  was  performed  in  SqMember  1993.  Sediment  and 
surfece  water  sam|des  were  collected  at  the  three  locations  whoe  PCBs  were  detected  during 
die  second  round  of  sanqding.  The  sediment  samfdes  were  analyzed  for  total  organic  carbon 
(TOC)  because  PCB  ttnddty  in  sefoments  is  dqwndent  on  die  TOC  concentration  in  die 
sediments.  The  water  sanqdes  were  analyzed  to  determine  if  PCBs  are  present  in  die  water 
phase. 

7, 6  A  Filial  Results  and  Analysis 

The  results  of  foe  sediment  and  surfece  water  analyses  from  the  second  and 
diird  sam(ding  events  are: 
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Suribee  wMar  ioflow  poial 

NS 

NS 

ND(2M) 

NC 

SD-Q2 

DowMlope  from  fill  ana 

3.2 

ND(0.0S) 

1,170 

604 

SD-03 

End  of  aoil  peniaaiila 

9.1 

ND(0.05) 

1,730 

SIMM 

Naar  abandoaed  imildiat 

NS 

NS 

ND(130) 

NC 

SD-05 

SarfKe  water  outflow  pooit 

2.S 

ND(0.Q5) 

1,130 

475 

1  Avw^ 

4.9 

NC 

790 

936 

*  PNa  AM  MMftiaf  awM. 

*  Pioa  neoal  ***<il> 

NS  -  Mot 

ND  >  Wot  Joioclod  (jNictioa  liaiO 
NC  -  Mat  rilniil<i< 

The  distribution  of  PCB  omcentzations  in  the  snowmelt  pond  does  not  indicate 
a  q)ecific  source  area  ot  dischai]ge  point  for  the  contaminants.  The  result  from  SD-01  from 
the  inflow  point  indicates  that  PCBs  have  not  migrated  into  the  pond  from  another  area  to  the 
east.  The  result  Atom  SIMM  indicates  that  the  abandoned  building  is  not  a  source  of  the 
PCBs.  Evidence  that  PCB  contaminated  sediment  has  been  transported  across  the  pood  to 
die  point  where  sur&oe  water  flows  downstream  is  provided  by  the  SD-05  sample.  No  data 
are  available  r^arding  a  PCB  source  lying  alcmg  the  side  of  the  ptmd. 

To  determine  if  the  PCBs  in  the  sediments  pose  a  threat  to  aquatic  life,  the 
reported  concentrations  were  compared  to  sediment  quality  criteria  (SQC)  (U.S.  EPA,  1990). 
The  SQC  were  designed  to  be  protective  of  aquatic  life  and  animals  that  consume  aquatic 
life.  U.S.  EPA  recommends  that  die  SQC  be  considoed  in  establishing  remediation  goals 
for  contaminated  sediments.  The  PCB  SQC  is  not  a  fixed  value;  rather,  it  is  dependent  on 
the  TOC  concentration  in  the  sediment.  At  high«  TOC  levels,  PCBs  are  less  biologically 
available  because  a  greater  fraction  of  the  total  PCBs  will  be  sorbed  to  organic  matnial  in 
the  sediments.  Therefore,  the  SQC  is  higher  at  higher  TOC  conc«itrations.  The  PCB  SQC 
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for  foe  snowmdt  pood,  shown  in  foe  pievioos  table,  were  inteipcfoded  focm  foe 
foeshwaler  SQCs  of: 


•  1,900  Mg/k|  if  TOC  equals  10%;  and 

•  190  Mg/kg  if  TOC  equals  1%. 

The  SQCs  were  exceeded  in  two  of  the  five  sanqding  locations:  downslope 
from  the  M  area  and  at  the  surface  water  outflow  pcfoit.  Aquatic  reccptMs  may  be  at  risk 
based  on  this  assessment.  However,  PCBs  were  not  detected  in  any  of  the  wato  samples. 
The  detection  limits  were  not  low  enough  to  determine  if  the  National  Ambieni  Water 
Quality  Criteria  of  0.014  /tg/L  was  exceeded. 

7.6,5  ConrinshMig  for  the  Snowmdt  POnd 

Interim  remediation  goals  for  PCBs  in  sediment  are  exceeded  in  two  locations. 
However,  PCBs  were  not  detected  in  any  water  samples.  A  small  hydrocarbon  sheen  on  the 
pond  was  found  to  be  in  violation  of  AWQS.  The  PS  should  consider  the  Snowmelt  Pond 
sediment  due  to  possible  risks  to  aquatic  life  from  PCBs.  The  sheen  on  the  surface  water 
should  also  be  addressed  in  foe  FS. 


» 


7.7  Benver  Fand 

The  beaw  pond  is  a  potentially  sensitive  receptor  of  contaminated  ground- 
water.  Because  of  the  sensitivity,  two  studies  of  the  pond  have  been  omducted.  The  first 
study  was  performed  as  part  of  foe  RI  and  focused  on  the  identification  of  contamination  in 
foe  water  and  sediment  in  foe  pond.  The  second  study  evaluated  the  ability  of  the  pond  to 
naturally  attenuate  foe  known  types  and  concentration  of  contaminants  detected  during  foe  RI. 
The  results  of  each  study  are  discussed  below. 
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7.7.1 


of  the  Ronedtel  laecetigatioa 


Water  aan^des  collected  from  the  gdf  course  beaver  pond  contained  0.6  /tg/L 
of  benzene,  0.7  /tg/L  of  ttduene,  4.3  n%/L  of  1,1,2,2-tetrachloicthane,  6.6  ^g/L  of  trichloro- 


ethene,  and  52  ^g/L  of  gaacdine  hydrocarbons.  The  beaver  pond  is  fed  by  groundwater  seq)s 
and  indicates  the  contaminants  migrating  in  groundwater  to  Ore  pond.  Sediment  samples 
from  die  pood  had  concentrations  of  JP-4,  diesel  fuel,  gasoline,  ethylbenzene,  naphthalene, 
phenandirene,  toluene,  cadmium,  chromium,  copper,  lead,  mercury,  silver,  and  zinc. 


7.7.2  Aquatic  Biota 


In  eastern  OU  S,  invertebrate  community  structure  in  the  golf  course  beaver 
pond  is  dominated  by  taxa  that  are  considered  tolerant.  Station  MI  05,  located  at  the  beaver 
pood,  rqipeared  to  be  the  most  biologically  affected  station  in  eastern  OU  5.  Fuel  hydrocar¬ 
bon  products  were  observed  in  the  sediment  sample  results  at  this  location. 

7.7.3  Natural  Attrauation  Study 


Wetlands  have  been  diown,  through  numerous  studies  performed  through  the 
United  States  and  other  countries,  to  naturally  attenuate  a  variety  of  contaminants.  Wetlands 
typically  contain  aerobic,  anaerobic,  and  filtratioo  envimiments.  These  environments  have 
the  ability  to  attenuate  aromatic  VOCs,  halogenated  VOCs,  and  m^s  in  water. 

The  attenuation  systems  in  the  beaver  pond,  and  other  seq>s  throughout  OU  5, 
were  evaluated  in  SqMember  1993.  Based  on  analysis  of  data  collected  during  the  investiga¬ 
tion,  the  frdlowing  conclusions  have  been  made. 

•  The  beaver  pond  is  within  Sectim  404  jurisdiction;  while  a  404  permit 
would  not  be  requited  for  allowing  the  wetland  to  ccmtinue  natur^ 
degradation  of  contaminants,  the  substantive  tequimnents  of  the  permit 
must  be  met. 


» 


I 


I  i 


I 


» 


» 


EkMMtef  AFB  OU  5  RIAU  aapoit  7-40 

% 


•  •  •  •  •  • _ • 


•  I 


•  The  asKssment  of  functions  suggests  that  the  beaver  pood  is  apabk  of 
treating  cootaminatioo  in  excess  of  that  currently  diadtargjng  into  the 
system. 

•  The  seeps  not  relaied  to  the  beaver  pood  contain  hydrocarbon  degrading 
bacteria,  yet  residence  time  in  the  system  is  probably  not  sufficient  ftv 
conqdete  d^radation. 

Although  the  beaver  pond  is  within  404  jurisdiction,  and  activities  involving 
discharge  of  fill  into  the  system  would  not  require  a  permit,  as  long  as  substantive  require¬ 
ments  of  this  permit  are  met.  Discharge  of  fill  is  broadly  interpreted  by  the  Corps  of 
Engineers  (COE)  to  include  activities  that  alter  the  hydrology  or  surface  flow  in  a  wetland. 
This  can  include  most  activities  requiring  any  equipment  heavier  than  a  pick-up  truck,  any 
ditching  or  draining,  or  any  re-routing  of  water  flow.  Any  remedial  action  involving  eardi 
moving,  culture  of  surface  water,  or  capture  of  groundwater  dud  naturally  discharges  to  the 
pood  would  not  require  a  404  permit,  although  the  substantive  requirements  of  the  permit 
must  be  met.  A  404  permit  would  not  be  required  for  allowing  the  beaver  pood  to  continue 
natural  degradation  of  contaminants,  although  again,  the  substantive  requirements  of  this 
permit  must  be  met.  Continuation  of  natural  d^radation  would  not  entail  any  alteration  of 
the  system  whatsoever,  and  therefore,  would  cause  no  impacts  to  the  hydrology.  A  long¬ 
term  monitoring  program  would  be  needed  to  ensure  continued  effective  water  treatment  and 
to  track  potential  impacts  to  the  ecosystem. 

The  assessment  of  wetland  functimis  within  the  beaver  pond  shows  a  storage 
csqiacity  and  residenoe  time  diat  is  mme  than  adequate  fm  the  measured  contaminant  loading 
rate.  The  water  quality  tests  suggest  that  the  water  leaving  the  system  is  of  better  quality 
than  that  at  the  sites  of  contamination.  Hydrocarbon-d^rading  bacteria  counts  also  indicate 
adequate  treatment  capabilities.  Design  criteria  for  constructed  wetlands  systems  were  used 
to  calculate  the  necessary  treatment  acreage  for  the  contaminant  loading  rate  of  Beaver  Pond. 
The  results  suggest  diat  the  beavm  pond  is  18  times  larger  than  necessary  for  successful 
ranediation  of  die  influent  seqis. 


Hawdoff  API  OU  5  RI/FS  tapoa 


7-41 


Hie  other  leqM  investigated  during  this  study  were  found  to  have  hydrocarbon 
degrading  badetia.  Ifowever,  the  hydraulic  residence  time  in  the  systmn  is  too  shrxt  to 
allow  for  conqriete  d^radation.  There  ate  no  ndural  controls  to  the  flow  and  inedintation 
mixes  widi  foe  seqis  and  washes  immediately  to  more  nugor  drainages.  Modifying  the  seqi 
areas  to  contnd  the  flow  thereby  increasing  the  hydraulic  residence  time  may  be  a  viable 
remedial  alternative. 

A  detailed  rqmrt  on  the  study  is  {novided  in  Appendix  R. 

7.8  rmrtMiniiMirts  of  rnneern 

By  comparing  contaminant  concentratirms  in  OU  S  soil  and  water  with  interim 
remediation  goals,  the  contaminants  of  concern  (COC)  in  OU  S  have  been  identified  (Table 
7-3).  These  COCs  combined  with  the  affected  media  and  pathways  form  the  basis  of  the 
identification  and  screening  of  remedial  technologies  and  the  detailed  analysis  of  alternatives 
in  the  FS. 


On  the  basis  of  the  analysis,  the  COCs  in  the  water  and  soil  of  OU  5  are; 
Water  COCs 

•  Fuel  hydrocarbons  (JP-4,  TFH-diesd,  TFH-gasoline); 

•  Halogenated  volatile  organic  compounds  (VOCs);  and 

•  Aromatic  volatile  organic  compounds  (BTEX). 
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Table  7^ 


Summary  of  Contaminants  of  Concern  (COCs)  Analysis 


iMuuisrtsoct 

9tM 

lUofMaadVOa 

Coafinood  M  a  GOC.  Lovals 
«owd  twckgraaad,  aioeed  potaa- 
tial  ARAKa,  aad  coetributo  to 
cMoer  ririL 

NotaCOC.  Notdetectad. 

AfooMbc  VOGi 

Coafinaod  aa  a  COC.  Levala 
aioaad  hacfcftDuad,  eaceed  potaa- 
tial  ARARa,  aad  coatzibato  to 

Coafinaad  aa  a  COC.  Levala 
exceed  bnckgRand  and  cooati- 
toeata  contribute  to  TFH  levala 
of  potential  ARARa. 

Total  F«al  HydncaiboM 

Coafinned  aa  a  COC.  Levala 
exceed  backgrauad,  axcead  potee- 
tial  TBC  level,  coetribute  to  riec. 
and  cauae  ■harm  oa  auitace 
water. 

Coafiimed  aa  a  COC.  Levala 
Mceed  background  and  pntiaitial 
TBC  levala. 

Motala 

Not  a  COC.  Only  two  matala  in 
one  aaople  exceed  potential 

ARARa  and  ate  minoc  0Qatriba> 
ton  to  riak. 

Not  a  COC.  Leveb  exceed 
background  coacaattatioiia  only 
in  eoila  wiili  high  orgeak  caibon 

OOOlflQt. 

AfMoic 

Not  a  COC.  CoooentntioBa  kaa 
diaa  potential  ARAR  (SO  mS^)* 

NotaCOC.  Levala  exceed 
backgromd  concenliatiaiia  only 
in  aoila  with  high  oigaaic  caihan 

OOQtflBt. 

Polycyclic  Afootatic 

Hydrocibooc  (PAHs) 

NbtaCOCa.  Detectable  coocen- 
tiationn  ate  below  potential 

ARARa,  aad  not  agnificam 
contributoia  to  riak. 

NotaCOC.  Leveb  do  not 
exceed  potential  ARARa.  Potea- 
tial  cancer  litka  from  ingeation 
ate  reduced  becauae  die  locatioo 
cannot  be  uaed  aa  a  future 
nndfliiGo. 

PCBa 

Not  oanfinned  aa  a  (XX;.  Not 

sis 

Coafinned  aa  a  COC.  Leveb 
exceed  background  aad  SQC 
leveb.  Potential  environaiemal 
Tuka  to  aquatic  receptora. 
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SoBCOCi 

•  Fud  hydrocaiboos  (IP-4,  TPH-<iieael,  TFH-gaadine); 

•  BTEX  oonqwunds;  and 

•  PCBa  (Arochlor  1260). 

Remedial  acttons  conaidefed  for  groundwater  and  surfiKe  seqis  in  OU  S  must 
also  accommodate  contaminants  that  may  migrate  in  groundwater  from  all  iqtgradiettt 
sources.  Therefore,  the  list  of  COCs  may  be  espanded  in  the  future,  if  new  COCs  are 
identified  during  groundwater  duiacterization  investigatioos  in  areas  upgiadient  from  OU  S. 
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Inorgank:  Firmcmts  in  Sofls 


Arsenic  is  a  nuyw  contributor  to  bodi  carcinogenic  and  non-carcinogenic  risk 
in  the  soil  and  groundwater.  However,  arsenic  concentrations  in  OU  5  groundwatff  samples 
are  less  tfian  fedenl  and  Alaskan  MCLs  for  drinldng  water.  Most  arsenic  concentrations  that 
contrUmte  to  risk  in  surfoce  9oiX  are  less  than  Elroendcnrf  AFB  background  levels.  The 
natural  arsenic  in  the  soil  at  Hmendwf  AFB  provides  a  source  of  the  arsenic  detected  in 
groundwater,  surfooe  water,  and  sediments. 


Arsenic,  barium,  beryllium,  copper,  lead,  manganese,  selenium  ,  silver,  and 
thallium  were  delected  at  concentrations  greater  than  sr^  background  concentrations  in  near- 
surfooe  soils  at  severd  seqis  in  Central  OU  S.  These  inorganic  element  concentrations  can 
be  attributed  to  high  natural  organic  carbon  concentratioirs  (2.7  to  19.5%)  in  the  soils  and  to 
the  effects  of  analytical  problems  on  some  of  the  results.  The  high  organic  carbon 
concentrations  in  die  soils  ate  likely  to  have  adsorbed  and  concentrated  the  inorganic 
dmnents  from  seqi  water  that  flowed  through  the  soil.  Soil  samples  crmtaining  the  highest 
concentrations  of  organic  carbon  also  contain  the  highest  concentrations  and  die  greatest 
nundier  of  inorganic  dements  rqwrted  above  background  levels.  Manganese  may  have  been 
concentrated  in  die  soils,  along  widi  the  oUkx  inorganic  dements,  because  of  adsorption  on 
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natunl  ocpnic  caibon;  however,  all  of  the  manganese  analytical  data  oollected  ftom  OU  5 
soils  aie  qualified.  The  manpfM»ai»  oonoentruions  reported  by  the  labcxatory  have  a  high 
bias,  and,  therefore,  are  likely  to  be  higher  than  die  manganese  concentration  that  is  actually 
present  in  soils.  Fttr  these  reasons,  the  inorganic  element  concentratiooa  in  strils  at  seeps  are 
not  considered  COCs. 


7.9 


On  die  basis  of  the  comparison  of  remedial  investigation  data  to  interim 
remediation  goals,  the  following  recommendations  are  made  for  each  area  of  OU  5. 

7.9.1  Areas  Recommwided  for  No  fWthw  Action 

No  further  action  is  recommended  for  the  following  source  areas  or  qiecific 
pathways  in  each  of  the  three  geograidiic  areas  of  OU  S  because  remedial  actions  are  not 
warranted. 


Central  OU  5 


Source  Areas  ST38  and  SS42  —  No  further  action  for  the  soil,  surfoce  water, 
and  sediment  pathways  ate  warranted  for  the  following  reasons: 


•  TFH  diesel,  JP-4,  and  BTEX  compounds  wane  only  d^ected  in  soil  10 
to  60  feet  below  surface  SB23,  MWll,  SP2/6-10,  and  SP2/6-04  and 
ate  not  in  a  surface  soil  pathway  accessible  by  residents  or  terrestrial 
animals;  compounds  detected  below  30  feet  are  related  to  groundwater 
contamination; 

•  Detected  contaminant  concentrations  pose  less  than  1  x  10^  cancer  risk 
and  have  a  Hazard  Index  less  than  1  for  non-cancer  risks; 

•  COC  concentrations  do  no  exceed  potential  ARAR  or  TBC  levels;  and 


ElMdorf  AFB  OU  s  ai/FS  iUpoft 


7-45 


Thoe  are  ao  identifiable  effects  of  contaminants  on  aqindic  Inoca  or 
tenestrial  {dants  and  animals. 


Outside  of  Soorce  Areas  —  No  ftirdier  action  is  warranted  for  smls  at  SL16, 
SL19,  SL25,  or  SL27  for  the  fidlowing  reasons: 


•  Conoentiatiaos  of  inorganic  elements  exceed  soil  background  levels 
because  of  2.7  to  19.5%  oatutal  organic  carbon  that  has  adsorbed  die 
elements  from  water  to  a  much  higher  degree  than  nrxmal  soils  have, 

not  because  of  contamiiumt  discharge;  i 

•  With  the  excqitioo  of  the  near-surface  arsenic  concentration  at  SL2S, 
none  of  the  incnganic  elmnent  concentrations  exceed  interim 
remediation  goals;  and 

• 

•  The  arsenic  concentration  at  SL2S  is  the  result  of  naturally  high  arsenic 
coocenttatioos  in  ElmendOTf  AFB  soils  and  the  high  concentration  of 
organic  carbon  that  has  adsorbed  the  arsenic  leached  from  soils  by 
surface  water  and  groundwater. 

•  The  manganese  concentrations  at  SL25  and  SL27  ate  the  result  of  the  * 

high  concentration  of  organic  carbon  that  has  absorbed  the  manganese 

leached  from  soils  by  surface  water  and  groundwater.  In  addition,  the 
manganese  measurements  at  these  locations  have  a  high  bias,  indicating 
the  actual  concentrationa  ate  likely  to  be  lowor  than  reported. 


VMstmm  niT  .5 


Source  Aren  SSS5  —  No  further  action  is  warranted  for  the  soil  pathway  for 
the  fdkiwing  reasons: 


•  TFH  dksel,  JP'4,  and  BTEX  con^xNind  concentrations  woe  detected 
in  SB26  at  a  dqidi  of  25  to  27  feet  and  is  related  to  groundwatn 
contamination;  TFH  diesel  concentration  in  near  surface  soil  at  SL20 
was  only  2  mg/kg; 
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•  • 


•  • 


Ddeded  contmiinant  ccincentfitioM  pow  lets  than  1  x  10^  oncer  risk 
nd  have  a  Hazard  Index  less  than  1  for  non-cancer  risk;  and 


•  Coirianunant  oonoentiations  do  no  exceed  potential  ARAR  or  TBC 
levds. 

Semte  Anm  SD49  and  ST4d  —  No  Anther  action  is  warranted  for  the  soil 
pathway  for  the  following  reasons: 


•  Detected  contaminant  ooncentiations  in  all  soil  samides  pose  less  than 

1  X  10^  cancer  risk  and  have  a  Hazard  Index  less  than  1  for  non-cancer 
risk; 

•  COC  concentrations  do  no  exceed  potential  ARAR  or  TBC  levels;  and 

•  There  are  no  identiAable  effects  of  contaminants  on  aquatic  biota  or 
terrestrial  {dants  and  animab. 

7.9  J  Areas  and  Media  Recommended  for  Evaluation  in  the  Feasibility  Stuity 

Remedial  actions  for  COCs  in  qmcific  padiways  should  be  evaluated  in  the 
feasibility  study  because  contaminants  exceed  potential  ARARs  or  TBC  r^ulatory  levels  or 
pose  cancer  risks  greater  than  1  x  10^  or  non-cancer  risks  with  a  Hazard  Index  greater  than 
1.  The  pathways  ttiat  will  be  evaluated  in  each  geographic  area  and  the  reasons  for  selecting 
the  pathway  are  eiqdained  below. 

WwSawi  QTT  ^ 

Snuroe  Aren  ST37  —  Remedial  actions  should  be  evaluated  for  foe  stnl 
pathway  for  foe  Adlowing  reason: 

•  TFH  diesel  and  gascdine  concentrarions  exceed  the  interim  mnediation 
goals  of  200  mg/kg  and  100  mg/kg,  respectively,  in  a  sample  from  10 
to  12  feet  below  ground  surface  at  SB29. 
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Bemedtal  actkMit  are  not  evahiated  for  surface  soil  for  die  following  reasons: 


•  Tile  nugor  contributors  to  the  risk  are  polycyclic  aronutic  hydrocarbons 
(PAHs)  and  arsenic.  Even  if  arsenic  concentrations  are  excluded  from 
the  cancer  risk  fx  surface  soils  at  SB29,  PAHs  cumulativdy  readt  in  a 
cancer  risk  greater  than  1  x  i(^*.  Ifowever,  the  PAHs  occur  in  surface 
soils  on  the  bluff  face  where  a  resideooe  could  not  be  constructed. 
Therdbre,  the  scenario  of  die  ingestion  of  soil  by  a  residential  receptor 
at  SB29  is  conservative  and  die  potential  for  exposure  is  limited.  SB29 
is  an  area  and  a  seep  diat  forms  a  puddle.  The  area  measures  only 
rgiproximately  SO  feet  by  SO  feet  Because  of  the  small  size  of  the 
affected  area,  die  inqnoliability  of  any  residential  eaqxisure,  and  the 
angle  conqxiuiid  nature  of  the  impact,  the  FS  will  not  focus  on  the 
PAH  surface  scril  impacts.  If  any  remedial  action  is  deemed  necessary 
cleariy  limited  excavation  and  disposal  of  the  affected  soil  would  be  dhe 
most  effective  action. 


Remedial  actions  should  be  evaluated  for  the  surfiice  water  pathway  for  the 
fcdlowing  reason: 


•  The  concentrations  of  JP-4  (770  mS/L)  ^  Stu  (320  /tg/L)  exceed 
the  Alaska  Surffce  Water  (^lality  (ASW(2)  potential  ARAR  of  (10 
ngfL)  at  location  SW08. 


The  surface  water  is  a  puddle  caused  by  seep  water.  This  pathway  should  be 
evaluated  in  die  FS  as  a  seqp  of  groundwater. 


Remedial  actUms  should  be  evaluated  for  the  groundwater  pathway  for  the 
following  reasons: 


•  Potential  federal  and  state  ARARs  for  groundwater  are  exceeded  for 
benzene  (S  fig/L)  at  SPl-01,  for  TCE  (5  ng^L),  and  TFH  (10  ng/L)  at 
SPl-01,  MW15,  and  MW16A;  and 

•  Excess  lifetime  cancer  risks  to  a  future  residential  recqdor  exceed 

1  X  10^  in  groundwater  at  wells  MW02,  SPl-01,  and  SPl-02  locations 
even  if  arsenic  is  deleted  as  a  contributor  to  risk. 


r— 


m 


Oatridc  «f  Sen«e  Arm  —  Remedial  actions  shoidd  be  evaluated  for  die  soil 


padiway  for  foe  following  icnaons: 


•  The  TFH  diead  conocnttiiion  eroeeds  foe  interim  remediition  goil  oi 
200  mg/kg  in  a  mmII  volume  of  aoil  south  of  ST38  at  SL16  and  foe 
sediments  at  SB06. 


This  soil  is  contaminated  by  groundwater  seq».  Because  foe  soil  is  impacted 
as  a  result  of  a  seep,  foe  remediation  of  sdl  should  not  be  considered  independently,  without 
evaluatioo  of  alternatives  for  aecjps. 


Remedial  actkms  should  be  evaluated  for  foe  groundwater  pafoway  for  the 
fidlowing  reasons: 


f 


•  • 

Interim  remediation  goals  based  on  potential  ARARs  for  JP  4  and  TFH 
gascdine  (10  ng/l)  are  exceeded  in  MW  13. 


Excess  lifotime  cancer  risks  to  a  future  residential  recqnor  exceed 
1  X  10^  in  groundwater  at  wdls  MW13.  g 


Remedial  actions  should  be  evaluated  fen  the  sediment  pathway  for  the 
fcdlowing  reasons: 


•  Interim  remediatkm  goals  fin  PCBs  are  exceeded  in  two  pond  locations.  » 

The  PCBs  may  pose  a  risk  to  aquatic  recq)ton;  and 

•  A  hydrocarbon  sheen  vkdates  Alaska  Water  Quality  Standards. 
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A 


EMtanOUS  0 


Remedial  actiau  should  be  evaluated  for  the  sui&ce  water  padiway  for  die  ^ 

fidlowiiig  reason: 


A  TFH  gascdine  concentration  of  52  itg/L  exceeds  the  interim 

remediation  foal  of  10  ngfL  and  TCE  exceeds  the  interim  remediadon  • 

goal  of  S  ftgfL. 


Groundwater  Outride  of  Source  Areas 


Remedial  acdons  should  be  evaluated  for  the  groundwater  pathway  for  the 
following  reasons: 


•  Interim  remediation  goals  fiur  groundwater  are  exceeded  for  TCE 
(S|ig/L)  at  MW06  and  for  TFH  gasoline  (10  Mg/L)  at  GW5A;  and 

•  Excess  lifetime  cancer  risks  to  a  future  residential  receptor  exceed 
1  X  10*  at  wells  MW06.  MW07,  and  GWSA. 


» 
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8.0 


I V » 


lAL  ACTION  OBJECTIVES 


Remedol  actioo  objectives  (RAOs)  are  the  goals  that  the  remedial  action 
alternatives  proposed  in  the  feasibility  study  (FS)  are  designed  to  achieve.  RAOs  can  be 
subdivided  into  general  RAOs,  that  are  applicable  to  all  CERCLA  sites,  and  qtedfic  RAOs, 
that  are  ^tpUcable  to  conditions  at  OU  5.  Specific  RAOs  must  ensure  that  comfdiance  with 
potential  ARARs  is  adiieved. 

8.1  «iwi  Objectives  for  OU  5 

Overall  goals  for  the  remedial  action  are  to: 

•  Protect  human  healtn  by  reducing  the  risk  from  the  potential  exposures 
identified  in  the  human  health  evaluation; 

•  Protect  environmental  recqMors; 

•  Restore  contaminated  media  for  present  and  future  land  use; 

•  Protect  unccmtaminated  media  by  preventing  releases  from  sources; 

•  Expedite  site  cleanup  by  inlying  the  U.S.  EPA  Superfund  Accelerated 
Cleanup  Model  goals;  and 

•  Use  permanent  solutions  and  alternative  treatment  technologies  to  the 
maximum  extent  practicable. 

Specific  remedial  action  objectives  drived  from  these  goals  are  identified  in 
Table  8-1.  To  meet  these  aqwdfic  objectives,  a  range  of  remedial  alternatives  have  beat 
developed  to  allow  an  appropriate,  cost-effective  remedial  action  to  be  selected. 

8.2  Potential  location-  and  Action-Specific  ARARs 

Section  7.0  qtedfied  potential  contaminant-specific  ARARs,  which  were  the 
criteria  used  to  establish  geogriq>hical  areas  and  axitaminants  of  concern  to  be  carried 
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Table  8-1 


Specific  Remedial  Actioo  Objecdves  for  OU  5 


_ _ _ _  HWIWI  MSSmm  \JiyCgyH8 

•  Meet  potential  contaminant-,  action-,  and  location-apecific  ARARa. 

•  Reduce  die  site’s  cancer  risk  to  between  1  x  KT*  and  1  x  10*,  and  reduce  the  non- 
carcinc^en  hazardous  index  to  less  than  one.  For  detailed  analysis  of  the  remedial 
action  adtematives,  an  excess  cancer  risk  of  1  x  10*,  the  most  conservative  point  of  the 
acceptable  range,  was  used.  A  single  cancer  risk  nundier  was  needed  to  define  potential 
response  areas.  Using  10*  to  evaluate  alternatives  does  not  mean  diat  diis  cancer  risk  is 
the  ^)f»oved  risk  management  goal.  The  goal  will  be  established  after  r^ulatory 
comments  are  tnc(»porated  into  this  FS  and  as  the  prtqmsed  idan  is  being  devdt^ied  and 
reviewed  by  die  public. 

•  Reduce  the  risk  posed  by  contaminants  that  presoit  an  unacceptable  level  of  risk  to  die 
existing  ecology. 

•  Prevent  any  contaminants  whh  detectable  levds  exceeding  potential  ARARs  from 
readiing  Ship  Credt. 

•  Select  alternatives  that  include  treatment,  vdiere  q^licaUe  and  practicable,  as  opposed  to 
alternatives  diat  ate  limited  to  simply  moving  contamination  to  disposal  sites. 

•  Optimize  the  cost/risk  reduction  quotiem,  i.e.,  sdect  cost  effective  alternatives. 

•  Abate  any  imminent  hazards  to  water  supplies  or  environmental  receptors. 

•  Design  the  ronedial  action  for  groundwater  to  address  contaminants  fiom  groundwater  at 
Elmendorf  AFB  iqigradient  from  OU  5.  Build  enough  flexibility  into  the  alternatives  to 
allow  for  addressing  new  contaminants  and  varying  concentrations  of  contaminants. 

•  Maintain  the  physical  int^rity  of  the  blufifr  and  other  topogr^ical  features. 

•  Maintain  the  int^rity  of  die  wedands  area.  Minimize  disruption  to  die  naturai  flow  of 
water'  tfarou^  die  wMiands  system  so  that  eflects  on  existing  ecology  and  water  balance 
are  minimized. 

•  Meet  all  Federal  Facility  Agreanent  schedule  due  dates. 
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fmwazd  into  thia  FS.  Two  other  types  of  potential  ARARs  must  be  also  oonsdered  as 
alternatives  are  being  evaluated. 

Poleiitinl  Locatioa-Spedfic  ARARs 

Potential  location-tqpecific  ARARs  are  requirements  that  affect  die  management 
of  hazardous  constituents,  or  the  units  in  which  they  are  managed,  due  to  the  location  of  the 
unit(s).  They  might  be  triggered,  for  example,  if  groundwater  remediation  were  sdected  as 
a  remedial  action  which  required  die  construction  of  new  surface  wastewater  treatment  units. 
Examples  of  sensitive  locations  for  such  units  include  wetlands,  floodplains,  histmic  areas, 
and  wildlife  refuges.  More  details  on  potential  location-specific  ARARs  are  presented  in 
Section  3.0  of  Appendix  N,  Potential  ARARs  Identification. 

8  J.2  PMential  Actkm-Specifk  ARARs 

Potential  action-qiecific  ARARs  are  technology-based  or  activity-based 
requirements  that  may  be  triggered  by  the  particular  remedial  action  chosen  for  OU  5. 
Potential  action-specific  ARARs  do  not  in  themsel'  ?s  determine  the  remedial  action;  rather, 
they  place  restrictions  on  die  manna:  in  which  a  selected  alternative  may  be  achieved.  While 
the  ronedial  action  for  this  OU  has  yet  to  be  qiedfied,  it  is  useful  to  consider  potential 
ARARs  as  early  as  possible.  More  details  on  potential  action-qiecific  ARARs  are  presented 
in  Section  4.0  of  Appendix  N,  Potential  ARARs  Idoitification. 

8.3  fwtoriin  iUimU 

Interim  remediation  goals  are  qiecific  clean-iq>  levds  and  rdated  requiremoits 
to  be  met  at  OU  5.  These  goals  are  based  on  the  RAOs  identified  in  Sectums  8.1  and  8.2. 
These  goals  are  specified  for  all  contaminants  of  concon  (COCs)  in  each  environmental 
medium.  Interim  remediation  goals  and  general  response  actimis  are  summarized  for  soil, 
sediments,  groundwata,  surface  wato-,  and  seqiage  in  Table  8-2.  These  goals  are 
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Table  8-2 


•  ••••• 


preliminary  in  Ibat  negotiadons  between  the  Air  Force  and  regulatory  agencies  are  required 
before  these  interim  ptals  can  be  finalized.  Since  the  water  media  are  so  closely  related  at 
OU  5,  i.e.,  water  interfaces  between  the  media,  a  single  "water”  medium  was  selected  to 
simirfify  the  analysis.  The  cleanup  standards  were  selected  baaed  on  protectiveoeas  criteria 
and  die  requirements  of  law.  Because  the  groundwatn  upgradient  from  OU  5  is  not  fully 
characterized,  these  remediation  goals  could  change  based  on  future  remedial  investigation 
efforts. 


8.4  General  ResnoiKe  AetioiM 

The  identification  of  remedial  action  objectives  and  potential  ARARs,  together 
with  the  evaluation  of  environmental  media  and  COC-qwcific  remediation  goals,  has  led  to 
the  selection  of  die  following  potential  goieral  re^Kmse  actions  for  soil  and  watn: 

•  Natural  attenuation; 

•  Institutional  controls; 

•  Containment; 

•  Excavate  and  dispose  (soil  tmly); 

•  Extract,  treat,  and  diqiose;  and 

•  In-situ  treatment. 

The  remainder  of  the  FS  identifies,  screens,  and  selects  technologies,  process 
options,  and  alternatives  that  may  be  used  to  implement  these  respraise  actions.  Each  of 
these  technologies,  inocess  options,  and  alternatives  must  be  evaluated  by  their  ability  to 
achieve  both  the  RAOs  and  interim  remediation  goals  presented  in  this  section. 


•  • 


i 
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IDENTmCATfON  AND  SCREENING  OF  TECHNOLOGIES 


The  identificatioa  and  screening  of  remedial  tedinologies  is  a  two-^q)  process, 
which  is  diqdayed  in  die  two  figures  below.  The  i»ocess  took  into  cmsideiaticm  the 
environmental  conditions  at  Operable  Unit  (OU)  5  and  the  remedial  action  objectives.  The 
identification  process  b^an  by  defining  general  reqionse  actions.  A  general  response 
action  is  a  type  of  mnedial  action  that  akme,  or  in  combination  with  other  actions,  tHild 
potentially  satisfy  the  remedial  action  objectives  for  OU  5.  Potential  remedial  tcduMdogies 
and  qiedfic  process  optkmOs)  for  each  technology  were  then  identified  that  would  have  the 
potential  to  implement  each  general  reqionse  action.  This  identification  process  is  diqilayed 
below. 


Technology  and  Process  Option  Identification 


Once  the  above  process  options  were  identified,  they  were  then  screened  and 
selected  for  qifriicability  to  the  conditions  at  OU  S.  This  selection  process  is  diqilayed 
below. 
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Tachnology  and  Process  Option  Selection 


The  figure  indicates  three  possibilities.  In  (1),  all  process  optimis  were 
screened  out,  which  means  the  associated  technolt^  also  gets  screened  out.  In  (2),  only  one 
the  screening  and  is,  therefore,  selected.  In  (3),  two  options  pass  the 
screening.  However,  to  simplify  the  rest  of  the  feasibility  study  (FS),  only  the  process 
option  thought  to  be  the  best  at  meeting  the  criteria,  i.e.,  most  representative,  is  selected  for 

further  analysis  in  Section  10. 


I 


\ 


» 


Once  this  iniriai  screening  is  complete,  different  combinatitnis  of  ^iplicable 
response  actions,  technologies,  and  process  options  will  be  combined  into  rwnedial  alterna¬ 
tives.  These  alternatives  will  lata’  address  different  media  at  the  different  geographical 
locations  within  OU  5. 

To  identify  general  re^mnse  actions,  OU  5  was  divided  into  two  media:  water 
(groundwata,  seqn,  and  surface  water)  and  soil  (including  sediment).  Groundwater  includes 

the  unconfined  arpiifcrupgradient  of  OU  5  beneath  Elinendorf  Air  Force  Base  (AFB).  Seeps 

are  springs  and  seeps  downgradient  of  the  bluff  area.  Surface  water  includes  ditches,  ponds, 
and  other  expressions  of  surface  water  downgradioit  from  the  seqis.  These  three  types  of 
water  w«e  combined  in  the  analysis  because  water  migrates  from  one  state  to  the  other  and 
teduiologies  and  inocess  options  to  remediate  each  are  similar.  Soil  includes 


ElMadorf  AFB  OU  S  Rl/FS  Rapoit 


9-2 


unconaotidited  deposits  ixom  die  ntrface  to  die  wiler  table  within  die  geognqihk  area  of 
OU5. 


Five  genenl  reqwoae  actions  were  identified  ftnr  water. 

9.1.1  Natural  Attenuatkui 

This  le^wnse  action  involves  no  remedial  response  at  OU  5.  Natural  attenua¬ 
tion  is  relied  upon  to  d^rade,  adscwb,  or  volatilize  any  contaminants  of  concern.  Natural 
attenuation  is  used  as  a  baseline  to  compare  alternatives. 

9.1.2  InstttutkMial  Actkuis 

Institutional  actions  limit  human  exposure  to  the  groundwater  and  surfime 
water.  Institutional  actions  could  include  access  restrictions  (fencing,  warning  signs), 
restrictions  on  groundwater  use,  and  monitoring. 

9.1.3  Contaiumnit 

Containment  prevents  or  minimizes  the  spread  of  contaminated  water  through 
the  use  of  bairien.  Containment  mediods  include  capping  and  hydraulic  barrien. 
Cmitainment  would  not  reduce  the  toxicity  or  volume  of  contamination;  however,  it  could 
serve  to  limit  contaminant  mobility  to  the  area  within  the  barriers  by  constraining  the 
contaminant’s  ability  to  migrate  beyond  the  physical  barriers.  Containment  is  typically  used 
as  part  of  a  remedial  alternative  diat  limits  migration  rather  than  eliminating  contaminant 
concentrations. 
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9.1.4 


This  re^KMise  actioo  consists  of  ccdlecting  and  treating  contaminated  water, 
and  then  discharging  it.  Possible  extiactioa  methods  include  use  of  vatkal  or  hmzontal 
extraction  wells  and  interoqNor  trenches,  llie  water  can  be  treated  using  physical,  chemical, 
or  biological  methods  prior  to  on-site  or  off-site  discha^. 


9.1.5 


In-Sita  Treatment 


Contaminated  water  could  be  treated  in-sihi  using  chemical  oxidation,  air 
qxuging,  permeable  treatment  beds,  vapor  extraction,  bioremediation,  or  steam  stripping 
methods.  These  methods  will  often  also  treat  the  soil  in  contact  with  the  contaminated  water. 


Six  general  re^wnse  actions  were  identified  for  soil. 


•  • 


9J.1  Natural  Degradation 

The  term  "D^radation”  is  used  for  soils  as  opposed  to  "Attenuation*  used  for 
water  since  the  processes  differ  slightly.  Soils  d^rade  contaminants  through  adsorption  and 
biological  destruction/oxidation  cqnbility  of  naturally  occurring  bacteria.  In  the  wetlands 
environment,  additionai  attenuation  occurs  through  biological  uptake  processes  of  organisms 
and  {dants. 


9J.2 


Inetitutloiial  Controh 


Institutional  controls  include  actitms  such  as  land  use  deed  restrictions  and 
fencing.  As  widi  watn,  institutional  controls  are  used  to  limit  human  exposure  to  the 
crnitaminants  in  the  soil. 
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Em^atka  and  DiqpoMl 


Contaminated  at^  are  excavated  and  tranapMted  directly  to  an  on-  ot  off-base 
landfill  for  diaposal.  This  general  reqxmse  action  would  result  in  removal  of  some  of  the 
contamination  and  woul.t,  tfaerefixe,  help  achieve  die  apfdksdile  cleanup  criteria.  Removal 
of  contaminants  would  idso  reduce  long-term  risk  to  human  health,  but  may  be  offset  by  the 
short-term  risks  associated  with  the  actual  excavation. 


9,2.4  Containment 


Containment  prevents  or  minimizes  the  ^iread  of  contaminants  by  reducing  the 
infiltration  of  rainwater  and  reducing  dust  migration.  Direct  contact  with  contaminated  soil 
is  eliminated  and  the  potential  f(v  migration  of  contaminants  to  surrounding  soil  by  rainwater 
runoff  and  infiltration  is  reduced.  Containment  mediods  include  capping,  vertical  barriers, 
sediment  contrcd  barriers,  and  lateral  barriers. 

9.2.5  Exaiv«tiMB/Ti«atiiient/Dls^^ 

Contaminated  soil  is  excavated,  treated,  and  di^iosed.  Treatment  methods 
might  include  soil  washing,  low  temperature  thermal  treatment,  biqnling  or  incineration. 
DiqxMal  options  could  include  reburial  or  diqiosal  in  on-base  or  off-base  landfills.  The 
resulting  holes  can  be  backfilled,  or  treated  soil  could  be  used  for  general  fill  if  clean-up 
levels  are  achieved.  As  with  the  excavate  and  diqx>sal  option  (Section  9.2.3),  this  acticxi 
will  he4>  achieve  cleaniQ)  levels  and  reduce  long-tom  risk,  but  may  result  in  a  short-term 
increase  in  risk. 
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Tratment 

In-situ  treatment  methods  are  imfriemeoted  without  excavating  the  contami¬ 
nated  soil.  In-situ  treatment  includes  stabilization,  sdl  heating,  soil  extraction  with 
offgas  treatment,  in-situ  vitrification,  bioventing,  and  bknemediatioo.  Additionally,  combi¬ 
nations  of  these  process  options  may  be  used  (e.g.,  vzpor  extraction  enhanced  by  steam 
injection). 


9.3  IdMirilWtkiii  and  SfTMwlM  at  T«^hnolnyy  Tvimb  and  IVnreM  OnttoM 

Techndogy  types  and  process  options  that  may  be  qjplicable  to  OU  S  are  dis¬ 
cussed  below.  Descr^ofu  of  the  technologies  are  provided  in  Aiqwndix  S.  The  purpose  of 
this  Appendix  is  to  provide  the  reader  with  general  background  information  on  the  technolo¬ 
gies  to  assist  in  understanding  the  analyses  to  follow.  An  initial  screening  was  performed  to 
reduce  the  number  of  technology  types  and  process  options  based  on  the  three 
Comprehensive  Environmental  Response,  Compensation,  and  Liability  Act  (CERCLA) 
screening  criteria  of  effectiveness,  implementability,  and  cost. 

9.3.1  Idotflficatioa  and  Screening  of  Tecluudogies 

Fot  each  media-^pedfic  general  leqxmse  actitm,  remedial  technologies  were 
identified  that  are  potentially  sqiplicable  to  the  contamination  at  OU  5.  Specific  process 
options  were  then  identified  for  each  technology.  For  instance,  under  the  general  lespcmse 
actions  that  include  treatment,  tiie  technologies  could  include  iriiysical  treatment,  chemical 
treatment,  bkriogical  treatment,  and  thermal  treatment.  Process  options  for  chemical  treat¬ 
ment  could  include  jneciintation  and  carbon  adsoiptim,  amtmg  othera.  The  sources  for 
IHocess  option  selection  were  EPA  CERCLA  guidance  documents.  Air  Force  Center  for 
Environmental  Excellenoe  (AFCEE)  guidance  and  expmience  at  numerous  other  CERCLA 
sites. 


I 
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A  summaiy  of  die  evaluation  is  shown  in  Tables  9-1  and  9-2.  In  diis  evalua¬ 
tion,  ^fecdveness  was  a  measure  of:  1)  the  suitability  of  the  process  option  for  handling  the 
estimated  areas  and  vtdumes  of  media  and  for  meeting  the  remediation  goals;  2)  the  potential 
impacts  to  human  healdi  and  the  environment  during  die  construction  and  implementation 
phase;  and  3)  the  reliability  of  the  process  with  re^wct  to  the  contaminants  and  conditions  at 
the  site.  Both  short  and  long  tenn  effectiveness  were  considered. 

The  implementability  of  each  process  option  was  evaluated  for  both  technical 
and  administrative  feasibility  to  implement  each  qition  at  OU  S.  Issues  considered  included 
the  developmental  state  of  the  technol<^  (commercial,  bendi  scale,  etc.);  conditions  at  OU 
5;  the  ability  to  obtain  necessary  permits  (or  satisfy  the  substantive  requirements  of  a 
permit);  the  availability  of  treatment,  storage,  and  disposal  (TSD)  fecilities;  the  availability 
of  necessary  equqiment  and  skilled  workera  to  implement  the  technology;  and  political  and 
public  peroqition. 

Relative  csqntal  and  operation  and  maintenance  (O&M)  costs  were  identified  as 
high,  moderate,  or  low  conqxued  to  other  imxxss  (^ons  within  the  same  remedial  tech- 
nol(^.  A  iwesent-worth  cost  exceeding  $3  million  was  considered  high,  $1.5  to  $5  million 
moderate,  and  less  than  $1.5  million  was  considered  low.  Costs  are  provided  for  compara¬ 
tive  purposes,  but  options  were  not  screened  out  based  on  cost  alrnie.  However,  costs  could 
be  a  factor  in  selecting  from  sevoal  similar  screened  process  options.  To  provide  general 
cost  estimates  at  this  stage,  consideration  was  given  to  the  site  ^lecific  conditions  at  OU  5. 
However,  qiecific  vcdumes  of  water  and  soil  requiring  remediatitm  were  not  calculated  at  this 
stage.  Costs  were  for  typical  qiplications  at  CERCLA  sites  similar  to  OU  5.  The  actual 
volumes  and/or  quantities  of  stnls  and  watn  to  be  remediated  would  be  a  function  of  system 
design  and  apirikable  <nr  rdevant  and  sqiprcqmate  requirements  (ARARs).  Estimates  of 
volumes  to  be  remediated,  per  alternative,  are  provided  in  die  detailed  analysis  of  alternatives 
in  Section  11.0  and  the  back-up  for  Estimating  (Appendix  T). 
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The  process  options  that  are  not  shaded  in  Tables  9-1  and  9-2  were  considned  ^ 

to  be  potentially  inq>lementable  and  effective  at  OU  S.  The  shaded  options  wwe  dropped 
from  further  consideration  because  of  difficulties  in  imidementation  or  thdr  marginal 
effectiveness.  The  ^wdfic  reasons  for  eliminating  process  options  are  noted  in  the  tables. 

9.3  J  Sdectioo  of  Tedmolocles 

To  develop  and  evaluate  alternatives,  a  single  process  option  was  selected  to 
represent  all  of  the  technologies  for  a  particular  general  reqxMise  action.  Combinations  of 
re^xmses  actions,  technologies  and  process  c^ons  will  later  be  assembled  into  alternatives 
to  address  remedial  actions.  Identifying  rqnesentative  inocess  (^ons  greatly  sintplifies  the 
ideriulication  and  evaluation  of  altematives.  The  rationale  for  sdecting  a  representative 
option  included  superior  effectivoiess,  ease  of  implmnentability,  and/or  rdative  cost 
compared  to  other  equally  effective  options.  Not  all  remedial  technolo^es  were  sdected  as 
rqnesentative  {nocess  options.  However,  all  genoal  reqxmse  actions  are  rq;>resented.  The 
rqnesentative  process  options  selected  for  water  and  soil,  along  with  the  rationale  for 
selection,  are  shown  in  Tables  9-3  and  9-4.  In  most  cases,  me  effective  and  implementable 
process  option  is  identified  for  each  viable  technology.  However,  for  some  general  response 
actions,  mc«e  than  one  process  option  was  worth  evaluating.  * 

9.3.3  Surface  Water  and  Sediments 

t 

Due  to  their  unique  characteristics,  nirface  water  bodies,  and  the  soil 
sediments  beneatii  timn,  at  OU  3  demand  q)edfic  analysis.  Surface  water  evaluated  in  this 
FS  are  grouped  into  the  fidlowing: 

•  Beaver  Pond; 

•  Snowmdt  Pond;  and 

•  Ditches  unrelated  to  the  Beaw  and  Snowmelt  ponds.  * 


t  • 
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Each  of  tiieae  siir&oe  water  bodies,  along  widt  their  associated  sediments,  will  not  require 
fiirdier  analysis  for  the  remediation  altmiatives  described  in  Sections  10  and  11  due  to  site- 
qwcific  focton.  These  foctors  are  described  in  the  text  betow. 

Rearer  Pond— The  Beaver  Pond  wetlands  system  consists  of  an  18-acre 
wetlands  as  described  in  Appendix  R,  the  Beaver  Pond  Study.  Ftv  Beaver  Pond,  no 
req;)onse  actions,  other  dian  natural  attenuation  and  institutional  controls,  were  determined  to 
be  bodi  effective  and  implementable.  Any  attempt  to  either  contain,  excavate,  or  treat  in-situ 
surfece  water  or  sediments  using  any  of  dw  process  options  in  Tables  9-1  or  9-2  would  have 
a  severe  detrimental  effect  on  the  wetlands  area.  For  example,  physically  removing  visible 
sheens,  dredging  sediments,  or  processing  wetlarKls  water  through  a  treatment  fedlity  would 
all  upset  eccdogical  balances,  disturb  the  water  flow,  and/or  violate  potential  ARARs,  that 
qiecify  minimal  disturbance  of  wetlands.  The  risk  of  upsetting  the  ecological  balance  of 
Beaver  Pood  is  great  in  comparison  to  the  relative  lack  of  significant  concentrations  of  COCs 
in  the  pood.  Also,  since  die  source  of  any  contaminants  in  Beaver  Pond  is  from  the  seqis 
and  groundwater,  effective  measures  to  remediate  die  seqis  and  groundwater  will  eventually 
reduce  contamination.  It  has  been  demonstrated  in  the  Beaver  Pond  Study  (see  Appendix  R), 
that  Beaver  Pond  is  a  viable  natural  wqland  that  can  remediate  chemicals  entering  it. 

Snowmelt  Pond— Snowmelt  Pond  is  described  in  detail  in  Appendix  Q. 
Chrqiter  7  ctmcluded  that  ecological  impacts  are  a  ctmcem  for  aquatic  life  at  this  locatitm  due 
to  the  concentrations  of  PCB  in  the  sediments.  This  site  is  unique  in  that  it  is  the  only 
location  within  OU  5  where  PCBs  are  a  constitiient  of  concern.  The  qitions  for  dealing  with 
this  site  are  very  limited.  Natural  attenuatitm  processes  are  not  as  effective  (m  PCBs  as  on 
the  other  OU  5  constituents  of  conoetn,  i.e.,  VOCs  and  fuel  hydrocarbons.  Excavation  of 
sediments  would  create  risks  of  qireading  the  PCBs  to  downstream  ditches.  No  effective  in- 
situ  treatment  methods  are  known  unless  the  sites  were  drained.  Draining  may  be  imprac¬ 
tical  because  the  water  levels  are  controlled  to  a  d^ree  by  groundwater  infiltration.  Thus, 
containment  is  the  only  applicable  general  response  action.  Cqqnng  is  not  implementable  or 
effective  in  a  wetlands  or  saturated  environment  because  of  the  groundwater  infiltration  that 
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would  either  inundate  or  "float*  die  cap.  The  only  available  option  to  reaaonably  prevent 
aqxMuie  to  the  PCBs  in  the  sediment  is  to  prevent  contact  widi  environmental  recqNors  by 
istdadng  the  sediment  with  a  material  such  as  sand  or  gnvel.  To  treat  die  sheens  caused  by 
disdiarging  groundwater,  Snowmelt  Pond  would  be  converted  into  a  constructed  wetland, 
with  the  gravd  cover  being  an  integral  part  of  the  subflow  design  of  die  wetland.  Since 
isolating  the  sediment  and  converting  the  pood  to  a  wetland  is  the  only  inqdementable  and 
eflfective  remedial  action  at  this  location,  it  is  defined  as  the  {nesumptive  remedy  for 
Snowmelt  Pond.  No  further  analysis  of  alternatives  to  mnediate  these  sediments  is  therefore 
required  in  Sections  9,  10,  and  11  of  this  FS.  However,  each  of  the  soil  remediation 
alternatives  in  Section  11,  Table  11-6  will  include  die  costs  for  this  presumptive  remedy, 
which  will  be  carried  forward  into  the  comparative  analysis  in  Section  11. 

Ditches— This  pathway  consists  of  all  ditches,  ponds,  and  other  surface  water 
that  is  not  connected  into  either  the  Beaver  Pond  or  Snowmdt  Pond  hydrologic  system. 
R^ulation  of  these  ditches  is  more  ^iptopriately  carried  out  under  the  Elmendtwf  AFB 
NPDES  program,  as  opposed  to  the  CERCLA  program.  The  NPDES  program  is  designed  to 
monitor  discharges  and  imidement  corrective  actions  for  any  discharges  found  to  have  a 
detrimental  effect  on  human  health  or  the  environment.  The  NPDES  program  at  Elmendorf 
AFB  should  therefore  r^ulate  the  discharge  of  this  surface  water,  and  take  into  consideration 
the  results  of  this  RI/FS  in  identifying  iqiprc^iriate  (xmstituents  to  monitor. 
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‘  CosU  are  preseDt-worth  and  include  both  capital  and  operation/maintenance  coaU.  ’  Difficulty  in  obtaining  regulatory  approvala/publk 

Low  >  <$1.S  million;  Moderate  ■>=  $1.5  to  $S  million;  High  =  >$S  million.  *  Doea  not  prevent  migration  of  contaminanU 

^  No  reduction  in  risk  achieved  '  Detrimentid  effect  on  future  l»nH  use 

’  Very  difficult  to  implement  in  a  bluff  or  wetlands  environment  '  Limiled  commercial  experience  or  extensive  and/or 

*  Not  effective  on  the  contaminants  of  concern  land  involved 


Costs  are  present-woith  and  include  both  capital  and  operation/maintenance  costa.  *  Difficulty  in  obtaining  regulaUxy  q)provala/public  acceptance 

Low  =  <$1.S  million;  Moderate  =  $1.5  to  $5  million;  High  >  >$S  million.  *  Doea  not  prevent  migration  of  contaminanta 

No  reduction  in  risk  achieved  ^  Detrimental  effect  on  future  land  uae 

Very  difficult  to  implement  in  a  bluff  or  wetlands  environment  *  Limiled  commercial  experience  or  extenaive  equipment  and/or 

Not  effective  on  the  contaminants  of  concern  land  involved 
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Selected  Representative  Process  Options  for  Water 


(Continued) 
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Biological  Tnatment  I  Air  ipaifiiig  I  Air  sparging  was  telectod  over  ia-aitn  steam  or  sir 


Selected  Representative  Process  Options  for  SoU 


(CoDtiniied) 


